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FIELD OF THE INVENTION

The present invention relates to plant promoters which are useful for development of new plant varieties en'ployin;g“

the gene recombination technology and the plant engineering such as functional modification etc. as well as is useful
for the plant cell engineering such as functional modification of plant culture cells producing useful metabolites, DNA
fragments in which useful genes are ligated to the promoters in such state that the useful genes can be expressed, and
vectors containing the DNA fragments. Furthermore, the  present invention relates to plants or plant cells that are trans-

formed with the DNA fragments or vectors containing the DNA fragments, or to transgenic plants regenerated from the .

plant cells. Still furthermore, the present mventton relatesto & method for clomng the plant promoters

PRIORART . .

Improvemem of. plams utlhzmg the gene engrneenng teohmoues has recem.ly been  using practically [Scrence, 244,
1293-1299 (1989)]. In particuilar, remarkable progress has been made in the transformation system utilizing Ti plasmid
and Ri plasmid that are contained in soil bacteria, Agrobacterium tumefaC/ens and Agrobactenum rhizogenes, whereby
the system can be apphc;able not only to tobacco, Arabrdops:s and petunra that have been hitherto transformed but
also to dicotyledonous plants such @s azuki bean [Abstracts of Presentation at the Meetng of NIHON SHOKUBUTU
SOSHIKIBAIYOU GAKKAI (Japanese Association for Plant Tissue Culture), P. 1 24 (1990)] and fo monocotyledonous
plants such as.rice [The Plant Journal, 6, 271-282 (1994)). Moreover, for monocotyledonous plants whose representa-
tive example is the rice plam a method compnsmg preparing a protoplast and then transterring a gene therein by elec-

troporation has been practically used [Nature, 338, 274 276 (1989)] In addition; there are many examples where genes )

are directly transferred into plants using the particle gun method [the Plant Journal, 2, 275-281 (7' 992)].

-As for promoters which induce the-tissue-specific expression of useful substances or enzymes, there have been N

heretofore isolated genes that express specrheally in respective tissues of seed [SHOKUBUTU SAIBOU KOUGAKU
(Plant Cell Technology), 3, 568-576 (1991)] respectrve trssues of leaves and flowers [Souence 250, 931-936 (]990)]

tuber [SHOKUBUTU SAIBOU. KOUGAKU {Plant Cell Technology) 3. 577-587 (1991)], tuberous root, and root nodule

[Science, 250, 948-954 (1 990)] and the expressron by these promoters has been analyzed in transgemc plants.
-However, most promoters that have been.hitherto utilized for these vector systems are promoters originating from

Ti plasmid contained in Agrobactenum tumefaciens and promoters orrgrnatrng from. the genesof cauliflower mosaic. .

virus:(CaMV). These promoters oonstrm'avely express rrrespectrve of grawth staqes and tissues of transgemc plants

and can not be controlled. In addmon the expression level is low. Moreover, among promoters containing expressjon .
regulatory regions mducrng the trssue-specrflc expression, fone of the promoters mduce the expressron specrfrcally at

the site and the stage required for.the reconstitution of plant cell wall xyloglucan e

Furthermmore, in the field of plant cell -engineering,.even v when one intends to produce a useful secondary metabohte
in plant celis to be ‘used for a plant tissue culture, there have been known many casés where the expression of an
enzyme gene in.a biosynthesis.system of the metabolite is repressed due to the presence ofa plant hormone essential
for the cell growth, thereby repressing. the productron of the metabolite. [Physuologra Plantarum, 80, 379- 387 (1990)].
Therefore, it is extremely difficult to optimize the brosynthesrs ofa seoondary metabolite by cells in the presence of a
plant hormone necessary. for the cell growth. Then, it is required to. empioy.a two-stage cufture method wherein the cell
growth and the biosynthesis. of a secondary metabolite are ca carried out under separate conditions [Nippon NOUGEIKA-
GAKU KAISHI (Journal of Agricultural Chemistry Society of Japan), 60, 849-854 (1986)].

Such repression can be considered to be caused by regulation. of the. promoter of an enzyme gene in a biosynthe-
sis system by a signal from a plant hormone and the lrke to repress the expressron

Accordingly, it is considered that the brosynthesrs ofa seoondary metabollte can be tacrlrtated under cell growth

conditions by transfetring a chimeric gene, in which the above promoter is replaced by a promoter inducing the expres- -

sion of a useful substance or enzyme abundantly during a cell growth penod mto cells. Nevertheless, any promoter
abundantly mducrng the expression. of 2 usetul substance or.enzyme especially. dunng a cell growth period has not
b en known in the field. Therefore, if such a promoter abundantly mduolng the expression of a useful substance or
enzyme especially during a cell growth period.is available, the biosynthesis of a secondary metabolite can be effected
as cells grow and significant improvement in theproduchvrty of the usetul secondary metabolite can be expected.
-Thus, promoters that can induce the tissue specific expression or that can oontrol the expression with a plant hor-
moope and the like have been desired in the plant engrneerrng and the plant ceII engmeerrng

OBJECTS OF THE INVENT ION

The object of the present invention is to provide a plant promoter that can induce the tissue-specific expression



]

10

15

20

25

30

35

45

50

EP 0 818 532 A1

especially at the site and the stage required for the reconstitution of plant cell wall xyloglucan and further can control
the expression with a plant hormone and the like, a DNA fragment containing the promoter, a vector containing the DNA
fragment, a plant or plant cells transformed with the DNA fragment or vector, or a transgenic plant regenerated from the
plant cells, and a method for cloning the plant promoter

SUMMARY OR THE INVENTION

. . . - w

The present inventors have directed thell attention to the fact that the expression of an endo-xyloglucan transferase
(EXT) gene originating from a plant ‘and its family genes is tlssue specific and have expected ‘that a promoter that can
control the expression and its vector wéuld be available. The present mventors have further expected that such pro-
moter can be utilized for ln'provement of plant celis and plants Then; the present inventors® attempted to clorie aregion
containing a promoter which was presumed to be located upstream from a plant EXT gene. However, it was difficult to
clone the promoter of the EXT gene by a known plague hybridization method because of the presence of many family
genes mcludlng pseudogenes and a decrease in the plaque -forming ability of plaques obtained by preparing a phage
having a frag‘ment mntalr‘ung a regnon Iocated in q)stream ’lrom ‘the EXT gene anchfs famlly denes and lnfectmg a host
with it. : BERARS v

“Then, the present mventors have studi ed lntensrvely As aresutt, the prose'rt‘ mvérﬂbrs Have succed:led in clonmg‘
the prbmoter of tﬁe EXT gene 'diid analyzed the' promoter portron to determing its’ nudeotﬂe sequence 'l'hnspromoter
portion was cleavedoff and ligated to ﬁ-glucuromdase (GUS) gene ongmatmgfrorrrE cal/ and the resultant chlmenc
gene was transferred into plant tells. e E

It has been contl’med that GUS dens i i mtensely expreSsed i the cells into which th ¢ gerie was franslamed. When,
according to the’sarfie’ mahnet nucleotnde sequences of the promoter portdns of famrly genes‘of EXT g’ene weére deter-
mined and ligated 1o GUS gene prlglnahng in'E- coli and ‘the resultant chlmenc gene was tr‘ahsfel’r_ed rito plant cells
the intense expression of GUS gene was also donfirmied. =~ & e v e '

Furttiermore, it tigs " been confirmed by nértherh hybrid:zandn that the EXT gere boh‘ta‘lnnrl’g this’ promoter is
expressed ina tnssu’e-speciﬂc manner especually at the difé'dnd the staoe requrred for the't reconstitutlon orptant celrwall :
xylogluwn ard that there exists each of the EXT gené ardd its famnry genes: comalhnng the-promoter which ls"éxpressed
during the Ioganthmlc growm phase orthe statlonary phase of Eulture cells Thus the pr’eseni mve’ntlon has been oom '
pleted. - ° IR R

That is, in brief, the flrsf aspect of the present lnventlon relatec to d plantpron'loter mdocrngt'lre tlssue-speciﬁc
expression and is oharat:tenzed in that the plant prorhoter “cat éontrol the expressuon ofa gene encodtng an enzyme
having'the function to darry but the reconstitutith of plant Eellwall xyloghscan and! par'ﬁcdarly it ha&arpromoter activity
at the site required for the reconstitutiort of plant cellwall kylogftxﬂn orhasa'promoter acﬁvrtyatthe stage requlredtor
the reconstitution of plant cell wafl xyloglucan ™~ * " - Pk T ‘

The second aspect of the present mvéfmon rélates to a plant promoter of the first aspect ot' the’pl‘esertr invention -
and is chafacterized in that tis contained |n any nucleottde sequence selected from SEQ lI}NO 172, 3 4" 5, é 7 and’™”
8 in the Sequence'Listing. ¥ - - ~8é

The third aspect of the precent mventlon relates foa plant prolnoter of the first aspect'ot the ‘present'rnvel\tron and -
is charactenzed in that itis lrybrld"lzable tothé’ nucleotrde sequence inthe seoond aspect and hasa promoter actmty m
plants or plant cells, or in trans.gemc plants regenerated fromithe: pant cells, - 77

"The fourth aspect ofthe present lnventlon rélates to a DNA' tragment oontalmng thé plant promofer of the f:rst sec-
ond or third aspect and is characte‘nzed in matrtts hgated tb theplaﬁt promdter m‘fa state capable ot expressmg a usetul
gene.

Thefifth aspect of the present inverition reldtas to a vector and |schafactenzed1n that rt contams theplant promoter
of the first, second or third aspect or tHe DNA tragment of the fourth aspect.’ :

“The sixth aspect of the present mventlon relates to a plant of plant cet'lstranslormed with the DNA' fragment of the
fourth aspect or the vector of the fifth aspect maode, or to transgemc plants regenerated from theplant cells -

The seventh aspect of the present invention relates to a ‘miethod for producing protein ‘charactérized in that at ieast
one of the transformed plant-and plan'( cells and transgenlc plants‘ regenerated'from'the plant cells ol 4§1e s:xth aspect
is used. R ’

The eighth aspect of the pres - nt invefition related fo a method¥or controllmg morphology of a plant ahd is charac--
terizad in that the DNA tragment of “‘C .cu'."th aS".'reC‘n' o the vedior of the fitth asrect 15 used. -

The ninth aspect of the present invention refates to 'a method for’ cloning a plant promot r andd is charactenzed in
that a gene encoding an enzyme having the fdnction to carry outtRé reconstitutior of piant call vl Xylogliican and, par-
ticularly, a gene encoding endo-xyloglucan transferase or its functional equivalent is used.

el P B o
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DETAILED EXPLANATION OF THE INVENTION

The "promoter” used herein contains a TATA bax region or TATA-box like regions which are located 20 to 30 base

pairs upstream from the transcription initiation site (+1) and are responsible for initiation of the transcription by an RNA.
polymerase from an exact position. However, it is not necessarily limited to in front and behind these regions and may

contain any other region which is required for association of a protein other than a RNA polymerase for regulatlon of the
expression in addition to the ‘above regions, _

And, sometimes, the term promoter region” is ‘used in the present speerfmt:on and thns means a region contalnlng
the promoter as described in the present specmwtron .

The "promoter activity” used herein means the ability and tuncbon to produce agene product ofa usetul gene out-
side or inside a host (a plant plant cells or a ransgenic plant regenerated from the plant cells); when the useful gene
is ligated to a site downstream from a promoter in order to express arﬂ then the resultant gene is transterred into the
host.

In general the promoter actrvrty rs |nd|cated as posmve or negatrve or strong_or weak, by Ilgahng a gene encoding
a protein capable of eagy assay (& reporter gene) to a site downstream from a promoter in order to express, transferring
the resulting promoter into the host, and then measuring. the expression level of the’ proten Thus, whena useful gene
is ligated to a site downstream from a promoter.in order to express and then the resultant gene is transterred imtoa host,
the confirmation of expressron of a gene. product of the. useful gene outsrde or msude the host shows that, the promoter
has the promoter ap'qvlty inthe transterredhost. )

The phrase "a gene encodmg an enzyme havung the functlon to carry out the reoonstltu’aon of plam cell wall
xyloglucan used hergin maans a gene encoding an enzyme specifically expressed in the reconstitution of plani cell
wall xylogluwn and, partlcularly, refers to.a gene encoding. endo-xyloglucan transferase (EXT) and fam:ly genes of EXT .
gene. Examples of family genes of. EXT gene include BRU1 gene [Plant Physiology, 104, 161 170 (1 994)] meri-5 gene
[The Plant Cell, 3, 359- 370 (1 991)] ‘and XRP gene obtalned in the present mventlon _

.The'phrase "a site requlred for the reconstm.rtnon of. plant cell wall xyloglucan used, herem means a site, where a
gene encoding an enzyme having the function to carry out the reconstitution of plant cell wall xyloglucan is expressed
specifically and. in so far.as the.gene.encoding the enzyme havmg the funchon to carry out the reconstitution of ‘plant
cell wall xyloglucan is expressed. specmcally the site wherethe expressron occyrs is included in the snte requlred for the
reconstitution of plant cell wall xyloglucan as mentloned herein. ., .. .. ...~

For example, somehmes the specmcally expression site of EXT. gene whlch is one of genes enoodmg an enzyme
havmg the. function to carry out the reconstitution of plant cell wall xyloglucan differs from those of family genes of EXT
gene even in the same plant However ali of them are included in the srte requlred for the reconstrtutlon of ptant cellwall
xyloglucan as. mentioned in the- present specification. . ..~

The stage of piant growth for the reconstitution of plant cell wall xyloglucan used herem means the stage when the
gene encodjng the enzyme having the function to carry out the reconstitution of plant cell wall xyloglucan is expressed
specmcally and, ll"l S0 far as the gene encoding the enzyme having the function to carry out the reconstitution of plant
cell. wall xyloglucan is expressed specmmlly, the stage when the expressuon ogcurs, is mcluded in that required for the
reconstitution of plant cell waII xytoglucan as. mentroned herem

For example sometimes,- the specmc stage of EXT gene expression whlch |s one of, genes encodmg an enzyme
having the function'to carry out the reconstitution of piant.ce!l wall xyloglucan differs from fhose of tamlly genes of EXT
gene even in the same plant. However, all of them are included in the stage required | for the reconstitution of plant cell
wall. xyloglucan as mentioned in the present specification.

For exan‘ple in culture cells mitotic cells are abundant i in the Ioganthmxc growth phase and the synthesis and
reoonstltutxon of the cell wall are vigorously carried out. In the statlonary phase cells elongate actively and thereby the
reoonstnu’uon of cell wallis requrred Thus, the cell wall reoonstltutlon is, required in both phases. As described in Exam-
ple 10 hereinaiter, the expresslon stage in the culture cells for EXT gene otiginating from tobacco is completely different
from that for the XRT gene, a tamily gene of EXT gene ongmatmgtrom tobacco. In other words EXT gene originating
from tobacco is intensely expressed specifically .in the Ioganthmlc phase whereas the expression in the stationary
phase is reduced to about onetwentleth In contrast, XRT ¢ gene, a famlly gene.of EXT gene originating from tobacco, is
interisely expressedspecrfunlly in the stationary phase. Thus. the stage for specrflc expression of enzymes exhibiting
the same. enzymahc activity is controlled by the promoter of the gene encoding the enzyme. Examples of the stage for .
the reconstitution of plant cell wall xyloglucan as mentioned herein also include the Iogarlthmlc phase and the statronary
phaseJnsuchcases . - e P, . -

The'term "a functional equrvalent" used herein means as follows e )

A naturally occumng protem is smbject to.various mutanons in fts amino acid sequences such as deletlon lnsertlon
addition, and substitution of the ‘amino acid(s) by modifications of the formed protein occurring in the living body and
during the purification process, in.addition to polymorphism.and mutations of the gene encoding the protein. Neverthe-
less, there has been known the existence.of a molecule that exhlbrts a physnologlcal and biological activity substant:ally
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equivalent to that of the protein with no mutation. Such a molecule that has a different structure but possesses a sub-
stantially equivalent function is defined as a functional equivalent. » '

The same is true in the case where the above-mentioned mutations are artificially introduced into the amino acid
sequence of protein. A variety of mutants prepared in such cases can be lnterpreted as functional equivalents in so far
as they exhibit a biological activity substantially equivalent to that of the proteiri with no mutation.

For example, it is said that methionine residué existing in the N-terminus of proleih‘expressed by E. coliis removed
in many cases by the action of methionine aminopeptidase. However, sometrmes both proteins with and without
methionine residue are formed depending on a pdrticular type of protein.. Nevermeless the presence or absence of
methionine residue does not influence the activity of the proteins in many cases. IV ddidition, it has been known that a
polypeptide obtained by replacing certain cxsterne resrdue of lnterleukm Z(lt 2) wﬁh sérme reerdue malntarns inter-
leukin-2 activity [Science, 224, 1431-1433]. ~ 7 -

Furthermore, in the protein’prodtiction by the gene engrneerrng proteln Is dften expreésed as fusion protein. For
example, an N-terminal peptide chain derived from another protein is added to the N-terminus of the objective protein
in order to increase an expression level of the obj ectlve proteln And, an appropnate péptnde chain is added to the N-

terminus or the C-terminus of the objectrve protern in order to facilitate punﬂcahon of the objectrve protern by usinga®

carrier having an aﬁrnrty to the added pephde charn aﬂer the expr&csron _
Moreover, it has been known that, Jor each of the arnrno acids in a gene ‘there are one 16°8ix codons (sefs of three
nucieotides) which definé e pamcular one dnino adid’ Adcordrngly there cén be manﬁ genes which encode a partrc-

ular amino acid sequence, though the number of the genes depends on the ‘amino’ acrd seciuence Gene% do not always’

exist stably in the nature and’| mutabons offen’ occur’ on therr hutléic adrds ‘Therels a casé’ where‘ a mutatbn occurrmg
on a gene does not |nduce any change inthe enooded amrno acid sequence (called as‘a Eilsnt muiatlbn) and, in such
a case, it can be said tﬁat adrﬁerent gene enoodrng the same amlno acid? ‘sequence is brmed 'I'nerefore evenita gene
encbding a certain defined arnino acid sequenbe is |solated a possnbllrty tan'not be’ denled tﬁat many types of genes
encoding the same amrno acid sequence may be formed’ duhngtﬁe passage of the l‘vlng organrsm containing the gene’

Furthermore, it is not so drﬁlcult to” ar’trfrérally pr%pare nﬁny types of genes encoding the same amlno acid
sequence by empldying a vane‘l'y of gerie engrneerlnq techriiques. ~ °

For example, in thé protein production by the gene engiheer‘rng “when a certarn ‘todoh used in the inherent gene

encoding the objéctiv8 proteirt s not fréquently utilized in the host used. sometrmes “d iow expression level is experi-
enced. in such a case, an attempt has .bgen made to )ncrease the expressron of the objecﬁlle proteint by artificially
replacing the sard codoq fo another codor) ‘which is more popular " the host wrthout |nﬂuenoe oh the encoded amlno

acid sequente. Needlees fo Say, itis quite poesble to arhflcraﬂy prepare a varfety otgenes‘ encodlng a certarn amino

acid sequence in this way. At&ardingly, eveh thése artificially prepared different genes‘are fﬁt:luded in the present inven-
tion, in so far as they code for the amrno acrd sequences that can be deduced ‘l‘rom the n’ucleotrde sequencee drsclosed
by the present irvention. '

Moreover, many of polypep‘hdes which’ u'\del’go atleast one ‘of modifications of oné or more Amrno acrds by delé- -

tion, rnsertron addmon and siibstitution in the amino’ acrd sequence of the objec‘ﬁve protern hdve ‘an achvrty function-
ally equrvalent to that of the objective ‘proteln Geries enhdoding such polypeptrdes are also‘ mcluded in"the functional
equivalent of the present invention rrreepegtrve of berng isolated from nature or artrhclally prepared'

In general, in many cases, genes ‘encodrng 1he functional eQurvalents have homology Theretor‘e genes hybndrza-

ble to EXT gene uSed in the present inventron and encoding a polypepflde havmg the same funcnon are also lncluded ’

in the functional equivalents of the present ifivention.

Examples of "a useful gene” mentroned herein include genes encodmgprdtems expresslble‘ln plants orplant cells
or transgenic plants regenerated from the plahl.' cells antrsense RNAs of geneés originating from plants orplart cells or
transgenic plants regenerated from the’ plaﬁt cells genes enoodmg brndrng protems of transcnptlon factbrs orrgrna'ang
from plants or plant cells ortransgenlc plants regenerated from the plant cells’' or decoys havmg sequences “or analo-
gous sequences of binding sites fof the transcnptlon lactors “and ribozymes cleavmngNAs ongrnatrng from plants or
plant celis or transgenit plants regenera‘teel front the planf cells, © -7 P

Genes encoding prdterns expressrbLe in plants or plant ‘cells or tranisgenic plants regenerated trom the plant cells
are exen'plrfred by those ongrnatrng fromblants bu\  they are not limited thereto i in the’ preserﬂ invention arkd genes orig-
inating from mrcroorganrsms such as baCteﬂa yeasts actrnomycetes fungi, a'scomyeotma basrdlomyedtma‘etc and

genes ongmatrng from' Irvmg organisms such as anrmals etc as far as they wn be expressed in pl'ants or plant'cells or-

wan rogcrm, pcelu; legel neraied 1o ihe pldlll Wllb
"Decoys”™ mentioned herein are referred to DNAs genes encodrng binding proterns of transcrrphcn factors bnglnat-
ing from plants or plant cells or transgenic plants regenerated from the plant cells or DNAs having sequences of ahal-
ogous sequences of binding site for the%ranscnptwn tactors whrch repress tHe actron of the tanscrrptlon*factdrsubon
transferring as "decoys” into cells. - S WA
"Ribozymes™ mentioned herein aré referred to' molecules deavrnngNAs for defined proteins to inhibit thetrans‘
lation of these defined proteins. Rrbozymes can be designed from géne sequences éncoding défmed proteiris. Exam-

.
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ples of ribozymes mentioned herein include any ribozymes which can cleave mRNAs for defined proteins to inhibit the
translation of these defined proteins regardless of their types such as hammer-head-type ribazymes, hairpin the
ribozymes, delta-type ribozymes, etc.

In so far as a plant having an enzyme which functions to carry out the reconstmmon of plant cell wall xyloglucan,
any plant can be used in the present invention. Examples of the plants include dicotyledonous plants such as azuki_
bean, soybean, Arab:dops:s tomato, potato, Brassua sunflower, cotton, tobacco, etc. and monocotyledonous plants
such as wheat, rice, corn, sugar cane etc., of which plants having EXT.enzyme and EXT-analogous enzymes that are -
expressed in a tissue-specific manner are particularly employed. -

EXT gene is a housekeeping gene of plants and thereby many tamily genes exist. As for DNA fragments contarnmg
promoter regions of these family genes, cloning of the promoter of EXT gene is not easy by a conventional plaque-
hybridization method owing to the presence of many family genes including pseudogenes and decrease in the plaque- ..
forming ability of the plague obtained when a phage having a fragment of a upstream region from EXT gene or its family
genes is prepared and infected to a host. However, by overcoming these two problems, hybridization is applicable to
any plants including dicotyledonous plams and monocotyledonous plants by emmploying cDNA of EXT gene and its farr
ily genes as a probe and genomxc DNA as.a targei and also isolation is possible by investigating’ PCR method ir,
detaits. .

As the probe, cDNA of EXTgene and its famlly genes of a plant drfferem from the target specles can be used Ho.-
ever, it is preferred for more-effective hybridization to-select cDNA from a plam of the same species as the target gs ths
probe. The present inventors have isolated cDNAs of EXT genefrom azuki bean (Vlgna angularis), soybean (Glycme
max), Arabidopsis (Arabidopsis; thaliana), tomato (Lycopersicon esculentum), wheat (Triticum aestivum), tobacco
(Nicotiniana tabacum), rice (Oryza sativa), corn (Zea mays). Of these cDNA molecules, full- -length or partial nucleotide
sequences for azuki bean,. soybean, .Arabidopsis, tomato, and wheat as.well as the restriction map for rice and the
restriction map for corn have been described in EP-0562836 A1 (1993)and a parhal nucleohde sequence for tobacco
has been described in JP 7-79778 A.-Also; partial nucleotide sequences for rice and corn are shown in SEQ ID NO 9
and SEQ ID NO 10 of the- Se@ence Listing..

-

The cDNAs of family genes can be tsolated by~ usnng the full Iength or parhal cDNA of EXT gene asa probe For
example, cDNAs of the family genes can be isglated-from a wide species of plams by usmg. as a probe, a sequence

conserved between all cf the above-mentioned cDNAs of EXT gene and a xyloglucanase gene of Tropaeolum majus.
[The Plant Journal, 3, 701-711 (1993)]. In.addition, cONAs.of the- famrly genes can be jsolated from a wide species of
plants by synthesizing a primer en the basis of the conserved region and. then carrying.out PCR [Consensus PCR;
Motecular and Cellular Biology, 13, 4745-4752 (1993)).

Hereinafter, the present lr'venhen is explained in detalls for azuki bean asan |Ilustrat|on

A cDNA library prepared by the method described in EP-0562836 A1 (1993) using seeds of azuki bean (WATAN-
ABE SHUSHI. Go., Ltd.) can beutilized for searching-clones fransformed with family genes of EXT gene. The cDNA
library is prepared; for ‘example, by-preparation ot RNAs from azuki bean, followed by purification of poly(A)*RNA using -

Oligotex-dT30 (NIHON - ‘Roche Co.; Ltd)) and then, for exarvple, by treatment with a reverse franscriptase using the |

poly(A)*RNA and-an oligodT primer to prepare cDNA. The cDNA hbrary is prepared from the cDNA by using cDNA
Synthesis Kit System-Plus (Amersham).- This-cBNA library is utilized for plaque hybridization using the cDNA of EXT
gene as a probe to obtain, for example, 96 positive plaques selected from 5 x, 104 plaques. These plaques-are amplified
by the plate lysate method {T. Maniatis-et al., Melecular Cloning, A. Iaboratory Manual, Seeond Edition, Chapter 2, pp.
60-66, published by Cold Spring Harbor Laboramry Press in 1989) followed by dot hybndlzahon to classity the plaques
on the basis of the signal strength. ; §

Phages are isolated from two plaques mdncatmg the sngnal strength drfferem from that of EXT geneof azuki bean
and DNAs inserted therein are extracted. These DNAs are cleaved with restriction enzyme EcoR | (TAKARA SHUZO
Co., Lid.) and the iengths of DNA fragments are identified by agarose gel electrophoresis. The identified DNA frag-
ments of about 730 bp, 430 bp, and 1090 bp are purified and subcioned at the EcoR | site of pUC18 (TAKARA SHUZO
Co., Ltd.). The resulting plasmids are named as pVX44-1, pVX44-2, and pVX45-1, respectively. These plasmids are
employed for determination of the nucleotide sequences of the DNA fragments according to the Sanger method using
BcaBEST™ Dideoxy Sequencing-Kit (TAKARA SHUZO Co.,-Lid.), indicating that two genes of a high homology with_

EXT gene (azuki bean EXT) are cloned. Parts of their nucleotide sequences are shown in SEQ ID NO 11 and SEQ ID |

NO 12 in the_ Sequence Listing (azuki besan EXT 2.and azuki bean EXT 3). -

The above-mentioned cDNA library is utifized for plaque hybridization using-one of the above-mentioned conserved -
sequencas (SEQ ID NO-13) as a probe to obtain, for example, 8 positive plaques searched from 8 x 10° plaques. DNAs
inserted in phage vectors of the plaques are extracted and, for example, a DNA fragment (about 1.2 kbp) of a high -
homotogy with EXT gene as well as with its tamily genes, the BRU1 gene [Plant Physiology. 104, 161-170 (1994)] and
the meri-5 gene [the Plant Cell,-3, 359-370 (1991)] can be obtained. A part ot.this. DNA nucleotide sequence is shown,
in SEQ ID NO 14 in the Sequence Listing {(azuki bean XRP 1).

Furthermore, the above-mentioned cDNA library can be utifized, for exan'ple for PCR usrng the above- mentloned
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conserved sequence and oligo-dT primer. As a result, a DNA fragment of a family gene different from, for example,
azuki bean EXT, azuki bean EXT 2, azuki bean EXT 3, and azuki bean XRP 1'can be obtamed A pert of this DNA
nuclectide sequence is shown in SEQ ID NO 15 in the Sequence Listing (azuki bean XRP-2). '

In a plant other than azuki bean, plaque hybridization using one of the above-mentioned-conderved sequences
(SEQ 1D NO 13) as a probe can e utilized to obtain a cDNA of a family gene For examplé, a commercialfy available
cDNA library of tobacco is utilized for plaque hybridizatior using ofie of the above-menfioried conserved sequences
(SEQ 1D NO 13) as a probe to obtain 30 positive plaques searched from about 3 x 104 plaquies: BNAs inserted in phage
vectors of said plaques are extracted and, for example, a DNA fragment (about 1.2 kbp) of a-high homology with EXT
gene as well as with the BRU1 gene [Plam Physnology _Q_, 161-170 ('1994)] and the mari-5 gene [1he=PIant Cell, 3,
359-370 (1991)] can be obtained. A part oi thns DNA nucleo‘ade sequence |s shewmn SEQ |D NO 16 in tﬁe~8equence
Listing ttobacco XRP 1). R - -

Next, for example, a genome DNA ‘library of azuki bean can be obmmed by’pi‘eplinnga genome DNA:from the’
leaves of azukn beanbya oonvennonal method, subgectlng it to partial digeshen usang festricion enzyme Sau3A f, sub-
jecting the partial digestion product for exarmple, to ligation to a'vectoi A\GEM- Tstng *GEM-11 Xho [Half-Site Arms
Cloning System (Promega Biotec) folfowed by packaging using ann vitro paciaging kit ¥Stiatagené); and then infecting
the resulting fragment to a host. This library can be utilized, for example, for hybridization using a cDNA of EXT gene
described in EP-0562836°A1 (1993) as a probe © search phages having a DNA fregmentccntélrﬁng a promoter Fégion
of this gene. For exarnple 10 posmve plaques are ‘othined fromabout t'x-10° piaques &nd’DNAS inserted ift phage
vectors of the plagues: are extracted to obtain DNA fragmemsdf an avérage lefgth of about 15 kbp. Thase DNA frag:
ments are utilized forSouthern hybndtzhtnon uslng_ a'DNA fragment contaiiing a tONA of EXT géne as a probe-foliowed
by subclonlng the 'objective fragmenf toa plasrmdvector to analyze d partial nickboBdT seatience. As a result; for exam- -
ple, it can be confirméd tria't DNA fragmems mserted m p‘hage vectors ’cf all ‘Pagues havea sequencé analogous to .
EXT gene LTl IR B ¢

Thése studies may stiggest that ciéning of regions contammg pramdters of EXT gehe'and it tarhily genesgéanbe - - °
easily carried out. However, in fact, the following two problerns were caused ahd domng of Bny promoter of EXT gene
by a conventionat-plaque hybndxzahorrwas falled R O VI L SRR ~ -

“The first problen’ isthé existence of many famﬂy genos includng-pseudbgenes that aré iot easily differéntiated by °
conventional hybndlzatlon Accordlngly in order fo carry cut cmmng of genomit DNA dlones that a?e frué counteiparts’
of therobjectivé cDNA clones it is*hecessary“to "analyze and’ ‘determine -ali thé nudleotide sequences of respéctive
genomic DNAs after l‘oughly Screbning genbmic DNA tlehés that maybe thie counterparts. ‘Alternahvelyﬁ it is necessary
to find out a nucleotide sequence that can dnstmgunsh respective genes'in tamily genes by andlyzing many farfily genes
from cDNAs and then to mrryom hybndlzahon us:ng i'fs nudeetnde sequence-spea‘hc@ﬁgo\probe (SSOP’; to dehhe the
genomacDNAcrone EEERUEEA S Sl Tt e s

The 'sécond problem involvés & strong repress‘ing ac‘ﬂori’ that is inducéd on fransfeerDNA fragments contalmng:
promioter regions of EXT gene and its family genes as wéll as decrease-ifi thé’ plagtie-forming abﬂlﬁy that occurs on
infe&tion of phages in a host bécferiurh (£.-coli). In fact: it is difficiltto search fér thé abive-défined phages contammg i
prormoter regnons of EXT gene becausé formed plaques are’ extremely small-as compdred with nermal phages ‘Such'a™
problem has beért revealed first in the course of répeatedtrial and ‘error 0"isolate theébjechve promotef regnon and is"
quite unpredictable until cloning is aétually camiedout. 7v- = - T o TS e

Then, the present mven!ms have intensive stidied to solve the above-menﬁoned» pvoblems resdlhng in the f:rst
successful cloning of a region containing thé promoter of EXT gene, aftér steadily solving tie problems ene by one by :
utilizing a variety of gene engineering techniques lncludlng an improved PCR method. ¢ ° - ELI

Hereinafter, EXT gene and ns famlly gdn% are cdlecﬁve!y referreti’foais EXT- famlly genes in the fcdlowmg expla-
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“In case where an influence by thé above-meéntionéd reprewon of the’ plaque bmng acﬁvny exlsts it i impossible
to clone a promoter region of EXT genet even ‘aiter repeated screening from entire genordlic DNA libraries.- Then, itis
conceivable to prepare short genomic fragments that are not susceptible to the repression and then camy ouf cioning”~
under a minimized influence of the repressnon For this purpose it |s requnred fo sub;ect denorhlo DNAs, first:to com-

-t o eebde b o miom et e Y [ L Y
'.uv;c ucgwuuu Wiul a vai lely UI leau luuull euLynlea IUIN.MW vy gcﬂulluv \’uuu i II,UI ulLdlMl cu-u UIUH u-rut‘yuuw

what size of DNA fragment hewrg the lermmal srte ofwhnch restncﬂon enzyme comams the obge-cbve prommér’reglon
of EXT gene. B Lo LAt e
A partial genomic DNA library of the thus-dehned DNA-size can be prepared by corr‘p|ete digestion: of genomic -
DNAs with the thus-defined restriction enzyme and by recovering, frbm agarose ge’ penphe:al DNA fragmems ﬁavmg
the defined DNA-fragment size as an average. - 8 pen o ‘
As aresult,-a partial genomic DNA library that i condensed about rhote than ten—fold as oofnpared with the ongmai



10

15

20

25

30

35

50

EP 0 818 532 At

entire genomic DNA library can be obtained. For example, genomic DNAs prepared from the leaves of azuki bean by a
conventional method are subjected to digestion with, for example, restriction enzymes BamH |, EcoR |, and Hrnd Hi(all:.
TAKARA SHUZO Co.; Lid.), followed by genomic Southern hybridization to indicate the formation of 2 or 3 bands, -
wherein the most intense band can be identified at more than 15 kbp by the BamH | digestion, at about 8.5 kbp by the
EcoR | drgest:on at about 85 kbp by the Hind |1l digestion, and at about 5.5 kbp by the EcoR I-Hind Il double digestion.

Of thése bands, the band identified at about 5.5 kbp by the EcoR I- Hind IlI double digestion is rwovered from the
agarose gel and subjected to ligation, for example. to the EcoR | and Hind lIl sites of AEXlox (Novagen), followed by
packagmg by an in vitro paclegmg kat (Stratagene) and infectionto a host bactenum thereby enabling to obtain a partial

genomic DNA Iibrary with DNA fragments of an,about 5.5 kbp size as an average that has the EcoR | and Hind Ili sites - .
at both terminals and.is more condensed as compared with the entire genomic | DNA fibrary. Thrs condensed library s

subjected to hybndlzatron usrng the cDNA of EXT gene.as a probe as described above to search for a phage having a.

DNA fragment contajning the promoter.region of this gene. For example, 8 posrtrve plaques searched from 1.3 x 105 N

plaques are subjected to hybridization using an ollgonucleotrde VAN-U7 (SEQ ID NO 17), synthesrzed on the basis of

a 5'-uncoded region of a lower homorogy with cDNAs of family genes other than EXT gene, as a probe thereby con- )

firming that, for example, 4 out of 8 plaques are DNA fragments containing the cDNA of EXT gene. AEXlox can be sub-

jected to automatic subcloning, since infection of this DNA fragment toa host bacterium Raving the_ P1Cre gene wrll .

convert a region subcloned automatically in the host to a pUC-type plasmd by automatic subcloning.

DNA sequencing apalysis uging the plasmrds inserted with the DNA fragment, followed by companson of the DNA'
fragment with the cDNA sequence of EXTgene JIdentifies whether the DNA fragment contains a promoter of EXT gene.

Parts of DNA nucleotide sequence of the thus—rde.ntrfred fragment are shown in SEQ NO 18 (upstream from EXT
coding reglon) and SEQ'NO 19 (downstream from the DNA fragment) in the Sequence Listing.

Heremaﬂer a 5 Jpstream from the EcoR | srte is referred to as “the promoter-upstream reglon and ag -down
stream as "the promoter-downstream region™, for convenlence.

The plasmid integrated with the fragment is denoted ; as pVXG303 whereas E. coli JM1 09 stram transformed with
pVX(3303 is denoted and’ mdlr:ated as Escherichia coli JM109/pVXGSOS and has been deposrted on March 15, 1995
(the date of ongmal deposrt);-_tt Natlonal Institute of Bloscrence ‘and Human-Technology Agency of Industrial Sc:ence
and Technology. Mlmstry of Industrial Trade ‘and Industry (-3, Higashi 1 Chome Tsukuba Shl lbarag;-ken. 3b5
Japan) under the accession No. FEBM BP-5390, .in accordance with the Budapest Treaty .

The promoter-upstream region can be obtained by cloning of the Hrnd il fragment of about 85 kbp that is rdenttfred
as mentioned above. For this pumose, genomic DNAs of azuki_bean are completely digested with restriction enzyme-
Hind 11l and then DNA fragments are recovered.by separation by 0.7% agarose gel electrophoresis, in the same manner

as described above. Also, complete digestion of AZAPII (Stratagene) with restriction enzyme Spe | (TAKARA SHUZO .’

Co., Ltd.). followed by the fill-in reaction in the presence.of dCTP and dTl’F’ forms a halffilled-in site. The fill-in reaction
of the Hind IIl. tragment (ayerage about 8.5 kbp) in the presence of dATP and dGTP, as desonbed above, followed by
ligation into the hali-filled-in site of AZAPII, enables a trial io prepare a genomrc DNA library. ..

However the size of this ADNA is marginal for the packaging and thereby th_e titer of its llbrary is expected tobe not
so high. In fact the titer of thns Itbrary is so low as to carry out sereening eﬁectrvely This size is also too small to use a

replacement-type phage vector such as ADASHIl (Stratagene). In fact, the fiter of a I|brary _Whlch is obtained by ligation .

of the recovered Hind I fragment (average about 8.5 kbp) to the thd llI srte of xDASHﬂ is so low as to carry out
screening effectively. . .

In addition, the only method would be to earry out screemng from the enttre genomrc DNA ltbrary using AGEM11
(Promega Blotec)by usmg the CDNA of EXT gene asa probe. However itis expected that any. fragnent comaining the
objertuve promoter of EXT gene could not be obtamed because ofthe |nfluence of plaque-formmg repression as well
as the existence of many family genes as descrrbed above. . pat e

Then, itis expected that the use ofa newly cioned genomic fragment as a probe will result in a more mtense hybrid-
ization by a tragment contalnmg the objecnve promoter than in. the case using cDNA Therefore, it rs desirable to carry
out plaque hybridization using such a genomic DNA fragmentas a probe and then screen plaques as many as possible.

As.a result of this screening, for example, 20 positive.signals, are obtained from 2 % 10° plaques and further screen-
ing eoables to |solate positive clones. However the size of a plaque. obtalned cp. the basns of a phage vector mserted
with a fragment contamtng the.objective promoter, is so small that minor. oontamtnatlon of other plaques will iead to an
exclusive formation of DNAs originating from contaminating phages upon extradlon of phage DNAs, as a result of pref-
erential proliferation of the contammatlng phages with a more rapld mult:plylng rate e,tther in the plate lysate method or
ina culture broth method..

In fact these problerns have not been expected at all untll the screemng is aarned out. Thus a plaque correspond-
ing to the egnal canbe obtalned by carrying out repeated secondary screenmg ‘where a diluted Solution ot a primary
phage is thinly sprayed or by further carrying out tertiary screening. Surpnsmgfy in the tertiary screening, a careful
examination of the plate can detect a plaque, which.is much smaller than other negattve plaques, at a position corre-
spondingto the srgnal that can not be identified atfrrst glance. The thus-obtalned very small plaquei is handied so care-
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fully as to pr'effént contamination of other piaques in order to proliferate only the phage ‘originating from the plaque.
Extraction of a DNA fragment inserted in the phage vector enable to afford, for example a DNA fragment of an about
1 kbp length. )

In addition, a clone comanmng the objective EXT gene can be effectively screened in the secondarv screenmg by
carrying out concurrently hybridization using an oligonucleotide VAN-U7 (SEQ ID NO 17), synthesized on the basis of
a 5'-uncoded region of a lower homology with cDNAs of family genes other than EXT gene, as a probe.

Digestion of the DNA fragment with, for example, restriction enzyme Hind 1I1 (TAKARA SHUZO Co., Ltd.), followed
by genomic Southern hybridization using the above-mentioned genomic DNA of EXT gene from azuki bean as a probe,
enables to define a shorter DNA fragment containing a promoter region of thls gené This fragment is inserted into a
restriction site of a plasmid and the plasmnd inserted with the fragment can be‘ transferredlnto an approprlate host. Also,
DNA sequencing analysis using the plasmlg mserted ‘with said DNA fragmeht followed by comparison of the DNA frag-
ment wnh the cDNA sequence of EXT gene enables to gudge whether the DNAtranent oontams a promoter of EXT
reglon The thus-obtalned subdoned DNAfragment havmg Hlnd m and EcoR lat both termlm is integrated |nto the Hind
11l and EcoR | sites of pUC118 (TAKARA SHUZO Co., le) to altow 10 det érming the nucleotlde sequerice. Figure 1
shows the restriction map of ihe lragment Thls nudeotlde sequence ls shown [La SEQ ID tlo 20'in the Sequence List-
|ng - = - P

The plasmld mtegrated wrth the fragment contalnmg the objeotlve promoter upstream reglon into the Hind 1l ardd
EcoR | sites 6f pUC118 15 denoted s pvXP101, whiéreas £, coli JM109 stram transfo?med‘wtth pVXP101 is denoted
and indicated as Escherichia col/ JM1 091pVXF’1 OT and has Béen depoﬁted or’ February 5] 1995 (the date of original
deposit) at National Institute’ of BlOSCIence and Human Techhology' Agency of lndustnal Sclent:e and Technology, Min-'
istry of Industrial Trade and Industry (1-3, Hugashl 1-Chome > Tsukuba-Shi, lbaragf ken 305 Japan) under the aoces-
sion No. FERM BP-5389, in accordance with the Budapest ‘ﬁeaty e

The above—ment:oned procedures arenot always applncable 1o clonlng ofa DNA tragment contamnng the ob;ecln/e
promoter reglon For exarrple this i is the ‘case when the fragmen‘t exerts a fatal or growth reQreSSlng actior! against a
host bacterium. Iri fact, the above:- ment:oneq phage bontalnlrtg apromoter of EXT genetorms a plaque that |s SO small:
to be searched aihd applied for 1 the screening. . "

Then, PCR method. is concelvable as an alternat:f/e method for clor'ung'a DNA fragméni coﬁtatmng a promoter
region of the EXT gene. = = +* > s :

PCR method to amplity, §0éf-a unknown- sequenice r involves mverée PCR [The’ Plant‘.‘lournal. 7. 157-164 (1995)]
and PCR usmg a cassette [TANPA‘KUSHITU KAKUSAN KOUSO (Protems Nucle»c Aclds' and enzymes) 35 3157-
3163 (1990)). et v Chili -5 ’

However, conventnonal |nyers4eqPCFl lS effectlve onlyfor alnplﬂncatlon of DNA chalns Lp to about 1 kbp in length,
when a genomic DNA of a hngher aftlmal [ol¢ plant i$ usedas a template Also PEER usmg apassette |s s:m:larly effectvve
only for amplification of fragments up fo abdut 1 kbp In Iength ~

in addition, the selectior? ota restr’nctlon enzyme for self Irgatuon is 1rmrfedtn inverse PCFt whel'em the useofa”
restriction enzyme recognizing 4 bp is vital for obtamlng an ampllfled tra ment ‘Ih PCR usmg a cassette itis requlred'
to test many cassettés haVlng a vartety of restnctlon enzyme sltos r mzmg 6 bp thereby requmng a lot of labor.
Moreover, there is a low probability tHat ‘even a restriction enzyme site reoogmzmg 4 bp, nof to mention a restriction
enzyme site recognizing 6 bp, exists for a DNA fragment contamlng an AT-rich, biased sequence like a promoter region,
whereby ampiificatiorn of a Iorfg target DNA is’ requnred both in‘inverse PCR and in PCR usmg a cassette Then, the
present inventors have found out that a corwentlonal rmethod capaﬁle “of” armllfymg onty short DNA“chains can be
improved so as to be capable of effeCtNely ampllfylng DNAs larger than about 2 kbp in Iength by opt:mlzmg the self-'
ligation oondmons and the use of TakKaRa LA PCR Kit (TAKARA SHUZO Co., Ltd) in mverse PCR C

......

a first PCR shall be diluted for the use as & terrblate in a'second PCR’ in order to arrplrty the objecttve DNA fragment
effectrvely, thereby enabling to solve’ the above meritioned problems R

For example, genomic DNAs prepared from the \éaves of azuki bean are subjected to complete digestion usmg
restriction enzyme Hind I, followed by seif- ﬁgatlon with T4 DNA: hgase (TAKARA SHUZO Co., Lid.). Since the effi- -
ciency of the self-hgatlon reaction is “greatly dependent on the volume of this reaction system, rt is preferred to adjust
the volume of reaction sysfem S0 as 1o make the DNA concentratlbn less than 4 pglml

PCR is camiad ot using the thus-cotained Cydic ger.a‘nic DNA as a empiate. ::Acuuplea o u plllllel v be

employed include sequences such as primer VAN-UH1 (SEQ ID NO 21) primer VAN-L (SEQ ID-NO 29), pnmer VAN-‘
UH2 (SEQ ID NO 23), primer VAN-L16 (SEQ IDNO 24), primer VAN-UH3 (SEQ ID NO. 25) and primer VAN- LB(SEO
ID NO 26), which are synthesized on the basis of sequences (SEQ 1D NO 18 and SEQ IL‘i NO 19) offhe abov’ -men-
tioned EXT gene genome DNA of pvXG303: - :
The two-stage PCR procedures are effective in order to amphfy the objective DNA fragment efficientty. For exam-"
pie, a DNA fragment of about 1.8 kbp can be amplified by carrying out thefirst PCR using the above-mentioned primer

n
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VAN-UH1 (SEQ ID NO 21) and primer VAN-L (SEQ ID NO 22) as primers and then utilizing the resulting réaction prod-

uct as a template for the second PCR using primer VAN-UH2 (SEQ 1D NO 23) and primer VAN-L3 (SEQ ID NO 26).
However, the amplification is not efficient, if the first PCR is carried out in the same manner as described above and
then the second PCR is carried out using primer VAN-UH2 (SEQ ID NO 23) and primer VAN-L16 (SEQ ID NO 24) or

primer VAN-UH3 (SEQ ID NO 25) and primer VAN-L3 (SEQ ID NO. 26) as primers. In other words, the amplification effi- .

ciency is dependent on the selection.of primers. Accordingly, it is preferred to find out the most suitable cormbination of
primers from several combinations made:

The PCR reactions shall be carried out by tollowmg the protocolof TaKaRa LA PCR Kit (TAKARA SHUZO Co
Ltd.), except for the reaction temperature and the cycle conditions.-Thus, the first PCR is carried out using 50 pl of the
reaction solution at 94°C (0.5 minute), 55°C (1.0 mlnute) and 72°C (2 minutes) with 30 cycles and then the second
PCR is carried out under the same conditions. Hereupon it is desirable tQ prepare several diluted solutlons of the first
PCR reaction solution in order to find out the best amount to,be added in the secénd PCR. .

The amplified product of about 1.8 idp can be subcloned into, for example, the Hing 1l site of pUCt19 (TAKARA

SHUZO Co., Lid. )-. Conpanson ot nudeotlde sequences at both termini of the fragment with the sequences (SEQ ID »

NO 18 and SEQ:ID NO 19) of -the above-mem]oned EXT gene. genomic. DNA, which previously are partially cloned,
reveals whether said fragment i is. -3 DNA fragment contalmng a promoter of EXT gene that is ¢ontinued from the previ-

ous sequences. Figure 2 shows the restnctnon map of the fragment. The nuicleotide sequence of the fragment is shown ‘

in SEQ ID NO 27 in the Sequence Lrstmg The plasmnd lntegnated with this PCR product is denoted as pVXP-H3
whereas E. coli JM109 stram transtocmed wrth.pVXP -H3.is denoted and indicated as Escherichia coli JM109/pVXP H3

and has been deposrted on February 17 1995 (the date “of onglnal deposit) at ‘National Institute of Bioscience and

Human-Technology, Agency of Industriai Science and Technology, Ministry of industrial Trade and indystry (1-3,
Higashi 1-Chome, Tsukuba-Shi, Ibaragi-ken, 305, Japan) as the accession FERM BP-5388, in accordance with the
Budapest Treaty.

SEQ ID NO 1 and SEQ ID NO 2 in the Sequence Lrstmg §how mcleot:de se‘quences upstream trom a gene encod-
ing the N-terminal amino acid sequence of EXT that are composed of SEQ ID. NO 18 and SEQ LD NO 19 together with
SEQ ID NO 27 in the Sequence Listing.

As a result.of nuclectide sequence analysis.and comparison of SEQ ID NO 1 wtth SEO ID NO 2 in 'the Sequence
Listing. it is revealed that both sequences are entlrely the same except for only two. drﬁerences in aII reglons down-
stream from the 782th resndue A of SEQ ID NO 1and ddwnstream from the résidue A of SEQ ID NO 2. These 4wo dif-

fer nces mvolve a drtterence in the number ot conttnumg A resrdues downstream from the 829th resrdue A of SEQID.

NO 2) and a drfference between the 947th resrdue T of SEQ lD NO 1and the 1037th resdue C of SEQID NO 2. Thrs
observation reveals that this €ommon region possesses a reglon regulatlng the specmc ezpressmn atthe site and stage
required for the reconstrtutron of plant cell wall xyloglucan

A DNAjragment contalnmg a‘promgter regron ofa famlty gene can| be cloned by solvlng the problems m the same .
manner as the method for, cloning a DNA fragment contalnmg a promoter reglon of the EXT gene. Furthermore com-

parison of the resulting cloned tragment with some of these tamlly genes that surely are, expressed specifically at the
site and stage required for the reconstitution of plant cell wall xyloglueen enables to lden'aty a reglon necessary for the
tissue- specnfrc expression in- plants Also A region necessary for an especrally mtense expressron at the loganthmrc
growth phase in culturecells can be rdentrfjed inthe same manner. . _ . . C.

jorthern H A .ridi'za_t:iwn.

In order to analyze the expression by a promoter, for example, the expression site and the expression stage in azuki

bean plants can be measured by northern hybndlzatron usung EXT .gene cDNA of azuki bean as a probe. Also, for

example, the expression stage in tobacco culture cells can be méasured by northern hybridization using EXT gene
cDNA of tobacco as a probe.

Jhe EXT gene cDNA of azuki bean and the EXT gene cDNA of tobacco can be cloned by methods described, for _

exarrple in EP-0562836 A1 (1993) and JP 7-79778 A.

RNA extraction-from the azuki bean plants and plant tissues such as the tobacco culture cells can be carried out, '

for example, by the guamdrne thiocyanate method or the phenol- -SDS method. . The, thus- extracted total RNAs can be
subjected to, for example, analysis by agarose gel electrophorws followed by. transference on a membrane and then
hybridization using this membrane. The total RNA level can be prepared in the'same. level, for example, by comparing
the TRNA levels in the agarose gel electrophoresrs thereby enabling to correcﬂy corrpare the levels of the expressed
EXT gene-mRNA. . cae m

For example, usrng azuki bean plants grown for 40 days after seedlng, total RNAs wh|ch are extracted from stems, .

buds, and leaves by the guanidine thiocyanate method, are subjected to agarose gel eIectrophoresns followed by north-
ern hybridization using, as a probe, a DNA having a sequence specific to the EXT gene cDNA that is ditferent from other
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tamily géne &DRAs. Inthis case, the filter obtained after the hybndizahon is washeéd under such intensified conditions
that the above-mentioned probe having a sequence specific to the EXT gene cDNA can be paired only with an mRNA
of the target EXT gene without pairing with other family gene mRNAs, thereby enabling the detection of only the expres-
sion of the objective EXT gene. Such expression can also be confirmed by the size of the:mRNA. Comparison of the
levels of the EXT gene mRNA in each plant tissue enables to reveal that the EXT genemRNA'is ‘expressed in all sites
and is intensely expressed, particularly in stems wheré the reconstitution of plant cell walt xytogtucan is active. Further-
more, using azuki bean sprouts, the total RNA, which is extracted from every 1 cm-ong cuts of epicoty!, is subjected to
the analysis with agarose gel electrophoresis tollowed by northern hybridization usirig the EXT’ gene cDNA as a probe.
In this way, it can be revealed that the expreSsron is rnost intense in the site where the eprootyl grows greatly namely
in the sne where the reoonstnmon of plantteﬂ wall xyloglucan isactivel - <. - -~

The expression site for ach famrly gene &h be CIearIy deﬁned bynor‘lhern hybrldlzatlon usmg a probe specmcto
the respechve family genes, in the sarne manner as mentloned above -

Each. of Tobacco BY2 wlture cells [Fermentattbn Technology Tt oday 689 isstied by NIHON 'HAKKOU KOU-
GAKUKAI (Japan Fermientation Technology Sbclety) in T972]‘culﬂvated for1,4;6,8 and'10 days i is collected by suction
fmrat:on rmmedlately sub;ébled to,rapid freezlng using Inqurd nrtrogen “and therrkep't at'~80°C-until RNA" extraction is
operated The total”RNA extracted from theseT cells by the phenol SDS méfthod can be ‘sub;ected to the' analysis by aga-
rose,gel electrophoros‘s folPowed by n nérthern’ lry’bndnzatlon using & ‘DNA ha\7ing a sequence specmc to the tobacco EXT
gene cDNA as’d probe. Compaqson of the expressoh eha&es to reveal that the' expressron occurs in any time and is
particularly i infense atthe logarithmrc growth phése (4 days) It "can be also revealed that, conversely. the tobacco XRP1
gene, a famrly gene |s expressed lr'ﬂensely at tﬁé statlonary ohase and |s nofexpres‘seld so mtensely at the Ioganthmrc
growth phase ) o ST

':‘.'4.,’.‘.., - a-. - .. -~ . <.

SR POV I o TS AP

‘Moreover, RT (ReverSéTranscnptase) PCR methou ¢an be emplayed 16 analyze srrnply thé expressnon controlled'

by family gene promoters, ojt EXT genes. -

For exarmle each & stems, ] and’ ledves of a2uk1 bean blants“grown for 40 day$ after” seedmg is separately
coliected, imnrediately sublbctecf ‘o rapld lreeztng usrng 1|qu“td nitrogen, and then keptat «80°C uriti RNA extraction is
operated. The total RNAs arg 'extracfed from these tissues, for ekample by the guanidine ‘thiodyanate method. Each of
the total RNAs tan be uSecl’a";3 q tertxﬂate ‘for RT-PCR Uing TakaRa RNA PCR Kit (TAKARA SHUZO Co,, Lid.) to iden-
tify the expression site. ln s’ cée, ‘ﬁ\gmressnon—sne specficity controtied breach hmilygene promoter can be idén-
tified by Jsing a sequence’specﬂ" ic'to. the respectﬂ/e famlly Yene & asa pnmer TeTe CEASL

‘ Forexample, using azuki bedn | plams growh intHe dark for § days affer seedmg evéry 1 cm-long sections of ‘epi--

cotyl are separately coliected, immediately subjected to rapld freezmg dsing ﬁqmd nitrogen“and then kept at -80°C until
RNA extraction Is operated. EadH of the tatal RNAs, which are’ extracted from ttese fissues, for example; by the'guani-

dine thlocyanate méthod, can ‘Beused as atemplate for RT- PCR usmg  TAKaRa RNA PCR Kﬁ (TAKARA SHUZO Co :

Ltd.) to identity the specrflcrty of the expression site and stage in more details.” e .

For example, each of “fobacco BY2 culture cels cultrvatéd for 6, 1, 2! 4, 8;8, and 10 days is collected by suction
fittration, immediately subjectédto' rapid freezing using liquid nitrogen, and then kept at -80°C imtil 'RNAextraction is
operated. Each of the total RNAs extracted from these cells by the phéenoi- -SDS method can be usad as a template for
RT-PCR using TaKaRa RNA PCR Kit (TAKARA SHUZO Co., Lid. ) to identify the expression stage. In this case, the
expression-stage specificity controlled by sach tamily gene prometer can be identified by usifg a sequencespeurc to
each of the tobacco EXT gene and its lam’ly gene as a pnmer

-~ -~ -

o BroLo 0 M)

<o Iy “ ’.""‘ ‘A. i ~C -.ﬁ" -

The full length or a portion ol a sequence contarnrng the above—mentroned promoter is cut off and Irgated to a vari-
ety of reporter geries to prepare chitietic genes. The promoter actrvrty can be measwed by direct ’u'ansfor of such a
chimeric gene into plant cells. -

A Teporter gene means a gene that rs ‘llgated at-a‘downstream from the promoter region of the ob;ech‘ve gene in
order to examine the promoter acbvrty “of the pene or the actlon of other- cns-elements A oodnng regron of an E. coli-ori-
gin enzyme geneic ic princh p.:", _'?.l.‘x as fn“-c supur tei, since the calls 10 be vansioned will ine umllellb gene shouid
not have the same or similat enzymatic activity.- o : ST B

Examples of such reporter gene in the-case of plants include gene$ ot GUS of the E col:-ongm chlorarrphemcol

acetyttransferase (CAT), p-galactosidase (lacZ), neomyan phosphotransferase (NPTI), luciferase, etc, of wrnt:h GUS'

of the E. coli-origin recently has been well utitized particularly. .
The GUS activity is assayed by using 4- methylunbelhfer)dgluwromde (4-MUG, WAKO Pure Chemicals industries.
Ltd.) as the substrate and measuring the specific fluorescence eémitted from its product, 4-methylumbeliiterone (4-MU,
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nacalai tesque). The measurement of 4- MU can be easily camied out, since it is highly stable and the background fiuo-
rescence is low In addition, when 5-bromo-4-chlaro-3-indolyl-B-D-glucuronide (X-Gluc, Molecular Probes) is used'as
the substrate, the producti is.an insoluble rndlgo-blue pigment, called indigotin, and thus by utilizing its property a loml
ization of the GUS activity in cells” or tissues can be easily examined. ’

-Comparison of the pmmoter activity can be made by using, for example, the caulifiower mosaic vrrus 358 promoter ‘
that is contained in pB1121.(Ciontech) and p81221 (Clontech).

The transcription can be efficiently terminated by linkage of a franscnptron-ternunatron sequence ata dewmstream v
from the reporter gene. The transcnpt:on termination sequence may, be ongmated from EXT gene or may be orrgrnated
from another gene. In addition, the transcnptlon efficiency can be enhanced by linkage of a poly-A addition sequence
at a downstreamn from the insérted sequence. The poly-A addition Sequence may be criginated from EXT gene or may'_
be onginated from another gene, exemplified by Agrobacterium octopine synthetase [The EMBO Journal, 3, 835-846
(1984)} and Agrobacterium nopaline synthetase [The Journal of Molecular and Applied Genetics, 1, 561-573 (1982)].
Such a crumeric gene cassette can.be inserted into an appropriate vector and amplified in £. colf as a plasmid in order
to transter cmectly into a lrvrng organism. __.

A method for introducing a vector, oontamrng this chimeric gene into a Irvrng organism is exerrphfred by the micro-
injecton method Molecular & General Geneﬁcs. 202, 179-185 (1986)] the polyethylene glycol method [Nature, 296,
72-74 (1362)]. the partxcie gun ruethod [Nature, 327, 70-73 (1987)), the protoplast fusion methiod with a cassetteDNA
or an RNA -comtainng small cells, cells lysosome, etc. [Proceedrngs of the National, Academy of Scrences of fhe USA.
79, 1859 1863 (1382)). the, electroporat:on method [Proceedmgs of the Nahonal Academy ol Sciences of the USA. 82,
5824. 582811985)] andsoon,. e

A tranuom transaptnonal eupressron of the thus-transferred gene | in the cells for rnrtral several days can be utilized
for the transsent assay to analyze an expression product in an extract of cells that are cultivated for 1710 2 days after the
transter.

The plasrnd vector that can be arrplrfred in E co/: is exemplrfred by the caulrflower mosarc vrrus 358 promoter the
E. coli-ongwn GUS gene. and’ paI121 { Clontech) havmg a transcrrptlon terrmnatron sequence oassette originating from
nopaline Synthetase. In order to remove the cauhflower mosaic virus 35S promoter region in the plasrmd this plasmid
is subjected to drgestnon wrlh restnctlon enzymes Hind. Jlland Xba | (TAKARA SHUZO Co.. Ltd.), followed by.agarose
gel electrophoresrs 1o cut off the objectrve fragment other than the 358_ promoter region. A DNA fragment oontarmng a
promoter region of the EXT. gene can be transferred into this purrfred site. )

The thL.s-prepal'Pd DNA fragment oontamrng a promoter regron of EXT gene and a vector oontarmng a ohrmenc
gene of GUS gene can be transferred into the tobacéo BY2 culture cells by usrng, “for example the electroporahon .
method.

In order to transfer rnto the tobacco BY2 dulture cells by usmg the electroporatlon method the tobacco BY2 culture
cells can be coriverted to cell wall-free protoplasts by treatment with, for example, an enzyme solution (pH 5.5) .con-
taining 1% cellulase-ONOZUKA (Yakult Honsha Co., Ltd.), 0.1% péctolyase Y23 (SEISHIN Corpolation), and 0.4 M
mannito! at 30°C for 2 hours. A suspensron of the obta:ned 2'x 10‘5 protoplasts of the tobagco BY2 cutture cells in.an
electroporatuon buffer. solution, (70 mM KCI, 1.5 mM MES, and 0.3M mannrtol) is mrxed with 3 pmol of a.vector DNA and
a10% PEGGOOO/electroporaflon buffer solution. An electric pulse (300 V., 125 uF) using, for. example, Gene Pulser |1 .
(Bio-Rad Labaratories) is applied to. the resumng mrxture to transfer the DNA into the plant cells. The cells are then incu- .
bated in the Linsmaier-Skoog cufture medrum [Physiologia Plantarum J_&. 100 (1 965)) contarmng 0.2 mgn2,4-D as an
auxin, 1% sucrose, and 0.4 M mannito! at 26°Cfor1to2 days after the transfer. The cells are extracted and ‘GUS, the
expression product, inthe extract can be measured by the fluorescence analySls That s to say, a mixture of the recov-
ered cells in 200 pl of an. extractron buffer solution [SO mM phosphate buffer (pH 7 0) 10 mM EDTA, 0.1% Triton X-100,

0.1% Sarkosyl and.10 mM. 2-mercaptoethanol} placed in_an.Eppendort tube is sub;ected to ultra-sonication and a
supernatant rsolated by centrrfugatron is used.for the assay of the GUS. ac’quty and the assay of the protein quantity to
det rmine the GUS specrflc activity. .. - - _

The GUS activity is assayed by measunng a. specrfrc fluorescence (excrtatron wavelength 365 nm; fluorescence -
wavelength 455 nm) for example, emitied by. 4-MU the product, when 4-MUG i is used as the substrate. That is to say,
45 ul of.the extractlon bufier. solution and 25 pl of4 mM 4-MUG are added to react with each 30 jul of the extract placed
in a 96-well mrcrohter plate. After 5, 35, and 95 minutes, the reaction is termrnated by addition of 50 pl of a reaction-
termination solution (1 M NaZCO3) Then, the specific fluorescence (excrtatron wavelength 365 nm; fluorescence wave-
length: 455.nm) emitted by 4-MU is measured with a fluorescence plate reader to. aesay 4-MU, the product, when 4-
MUG is used as the substrate.

-Moreover the protein quantity is assayed by a procedure exemplmed as follows Thus 2. 5. 10, 15, 20, and 30 ul
of a 1/5-diluted solution of the extract or an 800 ng/mi BSA standard solution (20. ul of the extract buffer solution is mixed
with.80 ul.of 1 mg/mi.BSA) are placed.in 3 96-well microtiter plate and thereto_are added respectively 158, 155, 150, -
145,. 140 and 130 ul of drst:lled water and 40 pi of the assay reagent in Bio-Rad Protein Assay Kit (Bio-Rad Laborato-
ries) 1o ‘make a total volumeto 200 ul, each: After being stirred slowly and then allowed to stand for 20 minutes at room
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temperature, the_ mixture is measured by a plate reader (wavelength: 590 nm) within 60 minutes to assay the protein
quantity. At the same time when the above assays are carried out. the fluorescence intensities of the 4-MU standard
solutions are measured and the results are plotted on a graph with the 4-MU quantity (pmol) at the x-axis and the fluo-
rescence intensity at the y-axis. The 4-MU quantity per one fluorescence unit is obtained from the slope: Furthermore,
the results on the samples are plotted on a graph with the time (minute) at the x-axis ahd the ﬂuorescence intenisity at
the y-axis to obtain the increasing rate of the fiuorescence intensity-and then to obtain e decomposition rate of 4-MUG
equal to the GUS activity. In addition, the GUS spegific activity can be obtamned from the amount of proteun

In this way, it can be confirmed that the DNA fragment contalnrnqthe EXT gene ymma region exhibits an activity
more intense than that of the cauhflower mosarc vrrus 35S promoter that has been saiu to be expressed intensely in the
plants.

T m PI - - -~ FRaE YRS S BT I AT
N : E T e UCTVT o R LTI L e TS

The thus-obtained DNA tragment containing the EXT gene promoter region ahd the wctor containing the inserted
chimeric gerie of the GUS gene can be" translerred |nto plants or plan{ cells o prepare translormams

“The vector int6 which a chimefic gene is inserfed s preferted 19 containa selectlile’ﬁtarker gene so as to facilitate

selection of transformed| plants or planf cells. For exarrpl‘e agene provklmg‘an antlbuoﬁc resistant property (antrbrotnc-
resistarit gene) can be ut*h}ed a.s ‘the selective marker gerie Such a gene can'bé exeh'pllfred by genes provrdlng a
resistance against Ga's, hygromycrn bleomycin, kanamycin; géhtamu:rn and dhlomrrphen'lcol In the ‘case where an
antibiotic-resistant gene is integrated into,a vector, the transformed plants or plant cells, namely"the plant or plant cells
into which stich & caggette i ls fransterred &anbe easrly sélected by prddng up plamsvr pl‘ant Ee‘lls that grow | in'a culture
containing the antibiotic. ~ " " " 7 © S

A method for infroducing a vector _containing the inserted chimeric gene directly into plants is exemplified by the :

mrcronnjectron method, the ponethylene gTyCol methbd theé pahrcle gun method;’ tl‘re pl‘otapla§t fu_sron méthod wrth a
vector-comarmng small cells] t:ells 'lysosome ett., .the electroporatmn'me‘mod and o BhtTe 7 “
Moreover, a chmTeﬁc ene can’ be transterredmto plants by utlllzlng d plant vrrus as d'vedtor. For exarmle a‘dau-

liflower mosaic vifus can Be‘ utifZed a5 'the ‘plant virys, That is 16 s&y, & virus genomeis first msérted in‘a vector of the”

E. coli origin to prepar’e a recombifiant ahd then’ sucha cassette is‘inserted’into thé VruS ¢ gen,ome This cassette can
be inserted into plants by cutting out the, thus-modlf“ed vrrus genome ffom si-ud recdmblnant using restrictive enzymes
and then by mowlatrng"thér‘éendﬁe info plants” (Mole(:ular Bnology o‘lPlant Tumors pp ‘549-560 lssued by Academrc
Press in 1932 and U.S P4térdt No: 4,407956). - >°

Furthermore, such a cassgt'le can be transferred into plants by en'ploxmg such a property of a bacterium of the
Agrobacter/um genus that, on rr‘ﬁéchon 10 aplant ‘a portion € ofits’ plasmrd DNA‘is transferred into'a plant genome.

Of bacteria'of the Agrpb tesiur genus Agrobactenum rumefaclens irflects a plan‘tto" induce crown galts and also
Agrobagterium rhrzogenes i [ plam to rndl.rce haity roots, whrch are caused by the ’transler bf a regron called-as
the transferred DNA regnon m “a bacterral plasmld called asthe T _plasmld of the Ri’ plasmud into'the ‘plant to be lnte-
grated into the plam genome' when the bacteria irifect the plant. I’ addition, there ts another regron calted as the vrra
region irf the Ti 1 plasmid or the Ri plasmld whrch is essemialtorthe T-DNA region to be ﬁ'ansferred mto the plant and’
then rntegrated into the plant The vlr-regrdn itself is not transferred into the plant and atso this vir- regron "can function
on a‘plasmrd other than that comarring the '}-DNA region [Nature 303, 179-189 (1983)] o N

i the objectrve DNA 16 be ‘lntegrated in the platﬁ enon'rehas been mserted into the TDNA reglon onthe Ti plasmd
or the Ri plasmid, the objectﬁre DNA car be, lntegrated into the: plant ‘genome whén the bacteria of the Agrobacrenum
genus infect the plant. Then, the porhon rzuaan’g Crown’ mlls or halry roots in the T-DNA reglon on therTl plasmid or the
Ri plasmid is femoved without spomng the oblectrve transfemng tunctrorl and the resultmg ‘plasmid can be utilized as a
vector. A variety of such vectors tan tse Utiizéd In the present invention. ‘For ‘éxample, Using'pB1121 (Clontech) called:
as a binary vector, a GUS gene site linked to the cauliflower mosaic virus 358 promdter |n‘pBl'tZ1 is’ replaced by the
DNA fragment containing the EXT gen‘e profmdter reg:oh and the chrmenc gene with the GUS gerie to- atifize for the
transfer of said chimeric géne into the plant tn'this case, a simuttaheous usagevl a vector having a promoter-free GUS
gene (pBI101, Clontech)'as a negat:ve control pBI121 (Clontech) etc. enableés to compare with the expression mode
of the cauliflower mosaic virus 35S promoter Since such a vector does not Have the vir-tegion, the bactena of the
Agrobacterium genus are requrred o contaln another plasmld havmg the vir- regron _r R - -

Mnracwar, thic vactor can be '-"""‘"‘ isd” "C- cnly in the bacisna of the Ay:uuauwnum gerlus bui @iso in £. COII
Accordingly, the recombinant operabon of the Ti plasmad can be carried out using £. cofi. In addition, this® vector
includes an antibiotic-resistant gene and thus the transformant canbe ‘easily Selected, when E. coli ~the bacterra cf the
Agrobacterium genus, and plants are transformed. -

The transformation is applicabie to any species of plants, provrded that the plant can be infected by the bacterra of
the Agrobacter/um genus and éstablishes the regeneration syst m. Most of cﬁcotyledonous plants can undergo frans-
formation using the bacteria of the Agrobacterium genus and, particularly, ali plants that are- Hosts' of bactéria of the
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Agrobacterium genus in the nature can be transformed in vitro. Atthough monocotyledonous plants including cereals
are not hosts of bacteria of the Agrobacterium genus in the nature, for example; rye plants [Nature, 325, 274-276
(1987)], maize plants [Science, 240, 204-207 (1988)], rice plants [Nature, 338, 274-276 (1989)], and so on can be trans-

' formed in vitro.

The transformation can be carried out (1) by usrng protoplasts and (2) by using a piece of tissues or untreated cells.
For using method (1), it is required to establish in advance a system to regenerate the plant from transformed proto-
plasts. For using method (2), it is required to transform a piece of tissues or untreated cells by using the bacteria of the
Agrobacterium’ genus "and then establish a system to regenerate them in the plant. The transformed plant can be
selected by growing ina culture medium corttainifig an agent which can be the above-mentioned transformation marker. .

The method for regeneraﬁng the plant from the plant cells, albeft drfferent inthe plant species, generally comprises
deriving callus from a suspension of the transformed protoplasts in_ the case of (1) or from the piece of tissues or
untreated cells that were transformed on the plate in the case of (2) and then forming shoots. In addition, the culture
medrum to.be used for the regeneratron may contarn hormones such as auxin or cytokrmn in addition to a varrety of
amino acids. .

Whether the objective cassette is inserted into the genome of the transformed plant can be corrhrmed by Southem '
hybridization or the like, whereas whefher the reporter gene mRNA is formed in fhe plant can be oorrfrrmed by norlhem )
hybridization or the like.  ~, .

Utilizing the plant in which the chrmerrc gene prepared as desonbed above is lnserted the chrmenc gene can be
transferred to the next generation af plams byroating.  °

For example, a plasmid’ oontalnlng the DNA fragment oontannrng the EXT gene prornOter regron and ‘the ohrmerrc
gene with the GUS gene to be obtarned by the present mventron can be constructed in pBl121 (Clomech) Next. the
thus-oonstructed plasmid can be’ uﬁlrzed for. transtormatron of an appropnate strain of the Agrobacrenum genus such
as Agrobactenum lumefac:ens 1BA4404 strarn [Nature 3_03, 179-180 (1983) avarlable from Clontech] followed by
infection of the translormant to the.ob]ec'hve plant to translorm the plarlt

For éxample, Arab/dopsrs seeds (avarlable from \lotlrngham Arabndopsrs Stock Center NASC) are aseptreally cul-
tivated on an MSO pléte, [MURASHIGE Skoog inorganic salt mixture (WAKO Pure Chemtpals irdustries., Ltd.), mixed
with 2% sucrose, 3 mg/t thiamine hydrochlonde 'S mgA nicotinic acid. and 0.5 mg/i pyndoxme hydrochloride, is adjusted
to pH 6.3, mixed further with 0.2% gellan gum, autoclaved, and plated] aocordrng toa oonventronal procedure and then
cut sections of the roofs are used for callus culture on the CIM plate ©. 5 mg/l 2 4-drchlbrophenoxyacetrc acid and 0.05
mg/l kinetin are added to the MSO piatg). : :

Each of the Agrobactenum transformed by a plasmrd corrtarmng the aforementroned chimeric gene and the
Agrobacterium transtormed by pBI121 and pBIT 01is cultrvated and the diluted mrxture is dlstnbuted into tubes. Then,
sections of roots that calius formed 4re $oaked therern and co- oultrvated ona ClM piate for several days. When each’

" bacferial strain sufficiently grows to visible, théy are killed by a bacteria specific antibiotic &nd sections of roots are cul-

tivated further for several days on a SIMC plate [to the MSO plate are added 2-ip_ [N6-(2-isopentenyl)adenine (WAKO' ~

' Pure Chemiicals Industries, Ld.)]. at'a final ooncenlratron of 5 pg/ml; |IAA (3-|ndo|eacetrc acid, WAKQ Pure Chemicals

industries, Lid.) ata final ooncen“tratron of 0.15 ug/mi, and Claforan (Hoechst) atafinal concentra'aon of 500 uglml] The
resulting sections are frnally cultrvated on the SIMCS plate (the SIMC plate oontarnrng kanamyéin) and repeatedly
transplanted on a new plate e/ery week. The translormed cut sections keep  growing to form swollen mass, whereas
untransformed ‘sections turn brown. The fransformant is. cultrvated il formation of rosette leaves and the bottom of the
transformant is cut off with a scafpel s0 as not to contain the callus part and transferred to a RIM plate (IAA is added at
a final concentration of 0.5 pglml to the MSQ plate). After & to.10 days the cultivation is continuied on a rock-fiber mini-
box (NITTO BOUSEKI Co ‘Lid.) soaked in an inorganic salt culturé medium [Hyponeoks {(Hyponecks Japan)] is diluted
1000-fold with water]. After flowenng and poddrng the plant is ransplanted in'the’ soil soaked with the inorganic salt cul-
ture medi um 1o obtain seeds. The seeds are sterrlrzed and then sown and germinated.- on an MSK plate (kanamycin is
added at a final concentratron of 500 mg/l fo the MSO plate) to obtaln atransformant. © ~

Whether or not the transformation occurs can be identified by extraction of a_ 'DNA from this transformant by a con-
ventlonal method cleavage of the DNA with restnctron enzymes Hind Iil and EooR i and Southern hybridization using,
as a probe, a promoter region that is prépared by digestion of pvVXP-H3 with réstriction enzymes Hind 11l and EcoR |.
That is to say, when the above procedure is carried out on (1) the WS strain that does not undergo the transtormation,
(2) the Jtransformant in whrch the chimeric.gene is transferred, and {(3) the transformant in which only the vector pBl121
is transferred a specrfrc srgnal of about 1.8 kbp, besides endogenous srgnals common in (1) to (3). is observed ina’
sample,of (2) di gested with restriction enzymes Hind Ii{ and EcoR I, thereby lden‘hfymg that the DNA contarnrng the EXT
gene promoter is integrated into’ 2). "

In the case ‘where the thus-obtarned transformant is assayed for the GUS actlvﬂy using X-Gluc as the substrate ’
Iocallzatron of the GUS actrvrty in cells or tissues can be easily examined by utlhzrng the property of the product called
as rndrgotm an insoluble indigo-blue pigment. That is to say, young plants, obtained by sowing the sterilized seeds on
the MSK plate {kanamycin is added at a final concentratro_n ot 50 mg/ito the MSO plate) followed by germination, are
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placed as is, in water .comaining 2 mM DTT and, after deaeration under reduced prasure are transferred, as is, into
the GUS reaction solution {1 mM X-Gluz, 50 mM phosphate buffer solution (pH 7. 0) and 20% methanol] to undergo the
reaction at 37°C for 0.5 to 4 hours.

Atter completion of the reaction, ethanol is added to stop the reaction and remoye pigments such as chlorophyll and
the plants were washed with ethanol two or three times, allowed to stand for 3 holfs to ‘ovérnight, and then transferred
in a Petri dish filled with water. The plants are placed on a slide glass and, after addition of 1to 2 drogs of 70% hydrous
glycerol for fitting followad by further addition of glycerol pressed with a cover glass 0 allow to be observed under a
microscope. When the above procedure is carried. aut on (1) the WS strain that do% .not undergo the transformation,
(2) the transformant in which the chimerig. gene is transterred, and.(3) the transfqrmant in which only the vector pBI121
is transferred, it can be obsérved that tissue pqrtlons which grow with elpngatron ln (@) are stamed blue whereas tis-
sues in (1) are not stamed at all and the whole hssues in (3) are sfarned alberf une'venl)l

The procedure exemplified in tffeiollmrng canbe applred to EY procedure for obfarmng a promoter thatis hybridiz-
able to the plant promoter of the present invention and alkd possesses thé bromoter actrvrty in at least one of plants,
plant cells, and transgenic plants regenerated from the plant cells. o

First, a chromosomal DNA ogtamed from the. obJectJve gene sowce is transferred Jnto a host by lrgatron toa plas-
mid or phage vector, according to a conventional method to prepdre a library. The li lbrary is cultrvated on a plate and
grown colonies or plaques arge taken ona nrtrocellulose or nyjon_ merrbrane on whrch the l;)NA is rmmobrlrzed by dena-
turation. The membrane is warmed in a solution containing a probe thatis Iabeled in ad'vance with 32 P etc. (the probe
is exemplified by the nyclectide sequences as described in SEQ ID NO, 1 2,3. 4, 5 6‘ 7. and ‘SLIn'the Sequence Lrstxng
or some genes thereof) to hybndrze the DNA on Ihe membrane wrth the probe Fo mple, the DNA- rmmobrllzed
membraneé undergoes Thybridization wrjh the probe at §5°C fpr 20 hours in'a sblu‘ﬁon contamrng 6 x SSC, 1% sodium
lauryl sulfate, 100 pg/ml of g serg)on sperm DNA aqd B Denhardt’s solutron (qontarnrng‘bovrnq serum albumrn pol-
yvinyl pyrrolidone, and ficoll, each at a 1% ooncentr on) After the hybndrzahon nonspecrf” c adsorphon is washed
away and a clone hybridized with the probe is ldermjt by autqrgdrography or the llke Thrs grocass |s repeated unt:la
single hybridized clone is obtamed The objective plant promdter isinserted rnfo,fhe f;us;bbtamed done o

The nucleotidé sequence o"l' the resulting gene )S determrned for example by fﬁe follbwrpgwlay to confrrm thaf thrs
geng’is the objecbve plant. promo,ter . 'r

In the case of nigleotide. sequencing bf. the qlone ob’tamedby the hybrrdrzaﬁon E com when used'ab the recom-
binant, is cultivated in test fubes or the like and ‘a plasmid is extracted bya converftlonal method After the cleavage with
restriction enzymes, the rnserted fragment is taken LQut and undergoes subcloning i the M‘l 3 phage vector fo”llowed by
the nuclectide sequencrng by tt1e did method n tlte case whe?e the reoqn“brnam IS( a phage the' nucleotide
sequencing can be camed oyt by basr e?zy

the's sam steps _Basrc expénmental procedures for such cul'avatron to nucle-
otide sequencing are described in’ Molecular CIomngLA laboratory Manual' (T llﬁanra’trs et al pt.blrshed by
Spring Harbor Laboratory Press i in 1989) and’ soon. . DG

In order to confirm thaf the oUtarned” gene s the objectrve planl prpmoter the determrned nucleoﬁde seguencek
compared with that of the ‘planit promoter of thé present invention and ‘with the ‘hudeot’tde sequén'c'es as described in
SEQIDNO 1, 2,3, 4 5,6, 7 and8inthe Sequerice, Listing to deduce the 'struéture of the geng; T

‘When the obtamed genegoes not comarn the en'a re plant yromoter regron a syntﬁetrc DN/f pnmer is prepared on’
the basis of the obtalned gene and then the nucleonde sequence of tfie entire planf promoter regron tﬁat ﬁybrrdrzes the
promdter of the present rnvenﬁqn ganbe determrned by anpl‘lfrmtron ofa deflcrén't regton by PCR and further screenrng
of the DNA'liprary using the obfarned gene fraqment asa ptobe,

Moreover, on the basrs of the niicléotide sequence ot the plant promotef df the presént lnventron, moq‘rﬁcatlon ofa
portion of the nucleotrde sequence by at least one of stbstrtutrorf mserfron and deletion that aré induced by srte-
directed mutagenesis of the gene contarnrng the, nucleotrde sequence énables to change the functron‘ of, ﬂ‘fe _plant pro-
moter of the present invention, thefeby obtalnrng plant promoters si m‘lar to the plarit promoters of the present rnventron
Examples of known methods for such site-dirécted mutagénesis rnélude the gapped duplex method [Methods in Enzy-
mology, 154, 350-367 (1987)] the uracrl‘contarnrng DNA method [Methods in Enzymology. .‘L&. 367-382 _(1987)] the
nitrite method [Proceedings of the National Academy of Saences of the USA, _,g, 7258- 7262 (1982)], and further the
cassette mutagenesrs method [Gene, 34, 4,315-323 (1985)] -

Furthermore, on the basis of the nucleotrde sequénce of the plant promoter of the present mventron ‘a chlmené pro-
moter [Proceédings of thé National Academy of Sciences of the USA, &a. 72667270 (1 951 )] is oonstrucied by Irgatlon ’
or substihition of a gene containing the nu "‘"‘"""" sdgience or a -;{I\l‘ et gene with a gene of NIU\NH ptqun pro-
moters or the like, or a portion of thrs gene thereby obtaining a plant'promoter possessgrm the promoter actrvfty St the
site and stage required for the reconstitution of plant cell wall xyloglucan, like the promoters of the preserit rrtvéntron

Ligation of the thus-obtained plant promoter’ at a dowristream therefrom Vvtth a useful gené in the operable state
followed by assay of the promoter achvity by the same metfiod as that for the promoters of the present invention enables
to confirm whether the plant promoter functions in at least one of plartts, plant cells, and transgenic plants regenerated
from the plant cells: Also, the expression site specificity “controlled by the plant promoter cari be identified.
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in the case where the plant promoter to be obtained in the present invention is introduced into any of plants, plant
cells, and transgenic ptants regenerated from the plant cells, the promoter can be introducedin the form of a vector that

is retained extrachromosomally or of a vector that is integrated intrachromosomally. Such extrachromosomally retained '

vectors and intrachromosomally integrated vectors are known in the art and introduction into.plants and transgenic
plants regenerated from ptant cells can be carried out by, for example, the mlcromjecuon method, the polyethylene gly-

col method, the particle gun method, the protoplast fusion method witha vector-contalmng small cells, cells, lysosome,.

etc., the electroporation method, and so on. Furthermore, the vector can be converted into a chimeric gene in which a
gene encoding several amino acids at the N-terminus of an enzyme possessing a function to reconstitute plant cell wail
xylogiucan at a downstream from the plant promoter is ligated at an upstream from the useful gene in an operable state.

Using promoters of the EXT gene or EXT famnly genes to be obtained in the present invention or polynucleo'ad&s -

having a sequence or its partial sequence that are hybridizable to the promoters, ligation of a useful gene at its down-
stream in an operable state; followed by infroduction into plants and plant cells, enables to induce the gene expression
in a specific manner at the site and, stage required for. the reconsmutlon of plant cell wall xyloglucan like the promoters

of the present invention;, thereby:controlling the.plant mOrphology For.example, the contro! can be made by llgatmg a. '
gene encoding an antisentse RNA,-g decoy etc. or a ribozyme so as to function ata downstream from the promqter of-
the presentinvention, followed by introduction into plants, plant cells, and transgemc piants regenerated from the plant .

cells. Dwarf plants ¢an be.produced by controlling the:plant morphology, whereas male-sterile plants can be prepared
by controlling eiongation of the pallen tube. Furthermore, the quality of food.or feed-can be |mproved forplants of which
the elorigating/growing stems, the sites required for.the. reconstrtutlon of plant cell wall xylogluwn are utilized as  foods.

Further, induction of spegific gene -expression at the- logarithmic grnwth phase or the. statlonary state of culture cells :
- enables, for example, control- Q)‘ the cell prolrferabm and :mprr;vemem in the productmty of useful secondary metabo-

lites. : - -

Moreover, accordlng to the presnm mventlon p!am promotars havmg the promoter acﬂvrty at the site and stage. o

required for the reconstitutiorn of piant.cell wall xy!ogiucan can becloned by uhllzmg the  genes encoding enzymes hav-
ing the function to carry out the sncmsm.mon of plant cell wall- xyloglucan and, partcularly, genes encodnng EXT or its
functibnal equivalent. D U B T E

<

The following eAarrlpIestrﬂwer lllustrate the present lnventron in more deta:l but are not construed to Ixmn the scope
ofthepresentlnventlon e s 2 A IRE R -

- » 3

. .

= L - - e
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Example 1 : Lowed L e T : P e s e

Isolation of Family Genes (Azuki Bean EXT 2 and Azuki Bean EXT 3) of Endo-xyloglucan Transferase (EXT)

or

(1) Poly(A)*RNA e o Ea s

Seerls of Vigna arigularis ohwi et Ohashi, cv. Takara- (WATANABE SHUSHI Co,, Ltd.).were germnated accondmg
fo the method described in Physiologia Plantargm, 82, 420-497 (1991)._

After one week from the germination, stems and leaves-in the ground part were cut off to obtain abou't 2 g of plam ' .
tissues. They were immediately-frozen-in liquid nitrogen and grounded in.a mortar in the presence of quund nitrogen to '.

prepare a powdeér, which was suspended in 20 mi of a denaturation solution [7 M guan.dme thiocyanate, 25 mM sodium

citrate (pH: 7.0), 0.1 M mercaptosethanol, and 2%, sodium lauroylsarcosinate]. The.resuling suspension was crushed .

with Polytron, mixed with- 10 mi of the.denaturation solytion and 30-ml ofa phenol/chloroform solunon [a 1: 1 mixture
of water saturated acidi¢ phenoi.and chloroform/iscamyl alcohnl (49: 1)] with stirring thoroughly, and cemnfuged to sep-
arate an aqueous Jayer; which was mixed with isopropyl aicoho!, a 1/10 volume of 3 M sodium acetate, and a 1/300 vol-
ume of acefic acid and then centrifuged-to obtain about 4 mg of RNA as a precipitate. .- R

This precipitate was dissoived in 2 m! of an adsorption buffer solution.[20 mM-Tris-HCI (pH 7 5) 2mMEDTA, 1M

NaCl, and 0.5% ‘SDS].and adsorbed on an oligo(dT)cellulose Type-7 column (Pharmacla) which was eluted with an

elutlon buffer solu'non [10 mM Tns-HCI (pH 7. 5) and 1 mM EDTA] to recover about 25 pg of po|y(A)"RNA

(2) Construchon and Screenmgnf cDNA L:brary s

A cDNA lxbrary was constructed from poly(A)*RNA obtamed in Example - (1) by using. cDNA Synthesis K’rl Sys-
tem-Plus- (Amersham) according to the method described in Gene, 25, 263-269 (1983) using Agt10 (Stratagene) as a
vector. The azukizbeanEXT gene cDNA [EP-0562836 A1 (1993)] was labeled.with [a-3PIdCTP using Random Primer

Labeling Kit (TAKARA SHUZOQ Co., Lid.) to prepare a probe for hybridization. The specific activity of this probe was 7.5 ’

x 108 ¢pm/ig. The plaque hybridization method using this probe was applied to the above-constructed cDNA library.
That is to say; plagues were formed at 1 x 10* plaques per plate and transferred-on a membrane. After denaturation,
neutralization, andimmobilization, the membrane was subjected to pre-hybridization in a pre-hybridization buffer solu-
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tion (6x SSC, 0.1% SDS, 5x Denhardt's solution, and 10 ug/ml salmon-sperm DNA) at 50°C for'2 hours. Then, the
hybridization bufter solution was added to make the probe at 2 x 105 to 10%/ml and hybridization was carried out at 50°C
for 15 hours. After completion of the hybridization, the membrane was washed twice withi a washing soluticn containing
6x SSC and 0.1% SDS at room temperature for 20 minutes. The membtane was exposed overnight at -80°Cin a cas-
sefte in which a sensitized X-ray film paper (Kodak) was placed to prepare an autoradiograph.‘As a result of search on
5x 19‘ plaques, 96 positive plaques were obtairied. Each of these plaques underwent asecondary screening and used
in the following experiment ’ : T N
W . - B . - o Rtk it - .

‘ Py ’

(3) Classification of Plaques and Isolation of Azuki Bean EXT2 tDNA and Azuki Bean EXT3 cONA, Family Genes of
EXT Gene R - ST T S e e

= . e TR AT 2 s o

The plate lysate method'(T. Maniatié & al.; "Molecular Glonifg, A labsratory ManuaF; S¢ ‘Editiori, Chapter 2,
pp. 60-66, publishéd by Cdid-Spring Harbor Laboratory Pfess/in 1989)’ was dpplied-16 fre-above-obtained plagues to.
prepare a large quantity of phage partides, which wete empldyed for dot hybridizatistiusing, as a'probe, the azuki bean
EXT gefié cDNA used in Example j.(2) After the hybridization'steps carried out:ih the’sdme manner as described
above, filters were washed under gradiently intensitiect conditioris with 6-x SSCi-4-x $SC;:2'x 3SC,and 0.1 x SSC at
50°C and then 0.1°x SSC at'65°C to allow classification on the basisof the signal infbnsities, Rs aresult, the plaques
were classified into'6 types of groups. Of tese groups, wo types bf plaguies showihg signal Intensities different from
those of the azuki bean EXT gene were obtained from groups wherethe signals weréd@téctable after washing with 0.1 -
x SSC at 50°C but were nbt detectable after washing With 0.1 < S8C at 65%C"Phages were iephited-frorh theseplaques
and the inserted DNAS were“extractéd. The lerigths of the DNA ffagfients were'kientified by cleavaye of sald DNAs with
restriction enzyme EcoR | followed by agarose gel electrophoresis. As the result, about 730 bp and about 430 bp were
detected from one type of plaque dnd about 1090 b from aribther type of plaque. Each ot thése DNA fragmertts were
subjected to purification followed by subcloning at te ECoR | site 6+ pUC18 (TANARASHUZOC6.,13d. Y and the result-
ing plasmids were named aS’pVX-44-1, pVX:44-2 -andpVX-45*1, respectivaly Wheh thege plasiids underwent nucle-
otide sequencing of the DNA fragments according to the aforementioned Sanger method [Science, 21271205-1210
(1981)] using BcaBEST™ Dideoxy Sequending Kit (TAKARKSHUZO Cé..-Lid.)? a -gene (dzdid-bean: EXT2) having a'
high homology with the azuki bean EXT gene was cloned from pVX-44-1 and pVX-44-2, and further another type of
gene (azuki bean EXT3) having a high homology with the azuki bean EXT gene was cloned from pVX-45-1. Partial
nucleotide sequences thereof are shown in SEQ 1D NO 11 and SEQ ID NO 12 in the Sequence Listing.

- 0 . -~

Example 2 S Tl LTt v 2 nesB owr i U TXE LB T LT
Isolation of Azuki Bean XRP1 cDNA, Family Gene of EXT Gene

A cDNA library was constructedfrom poly(A}* RNA obtained i’ Examplé 1-(T) by -using: cDNA Synthesis Kit ~
(TAKARA SHUZO Co., Ltd) according to the method described in Gehe, 25, 268-269 (1983).using AZAPII (Stratagene)
as a vector. In order to prepare aprobe, a mixed synthetic eligorucleotide (27mer, SEQ1D NO 13) comesponding to the
amino acid sequience (SEQ 1D NO 28) of DEIDFEFLG:one 6f sequences tonservad often for the proteins that act upon -
xyloglucans, was labeled with'[y->2P]ATP using DNA &'-Termifial-Labeling Kit MEGALABEE™ (TAKARA SHWZO-Co.,
Ltd.). The specitic activity of this probe was about-1 x 108 cpm/pg. The plaqué hybridization method using this probe -
was carried out for the above-Gonstructed cBINA liorary in‘the 8ame manrier asimExampie 1, where the hybridization
was carried out at 50°C for 15 hours. Then, the membrane was washed twice-with 2 x 8SC.at 50°C for 20 minutes and
underwent the autoradiography. Plaques were-formed o 10°% 14 cm plates it about twenty thousand piaques per a
plate. As a result of search on about one hundred thibnisand plagues, no positive signalswere detected. When a pasitive
control was carried out at the same time by formation of plaques of phage particles integrated with the azuki.bean EXT
cDNA at about 50 plaques per a square plate, followed by hybridization under the same-conditions, distintt posifive sig-
nals corresponding edch of plaques were detected.  ~ ¢ -~ T T - I : St

In contrast, it was strange that no positive signals were detected, when the phage solution (containing about ten
thousand plaques) of the cDNA library was mixed with the phage solution in the péasitive control so as toform about 50
plaques thereof per a square plate. Such an incidence has not occurred in the case of plaque hybridization using a
SDMA fragmant with & length of more than 180 Bases and thuc'tho problam annarantly aricec when an olignmer & an
about 20 to 30 base length is utilized as.aprobe. It is conceivable that the formation of positive signals was blockerd by -
a certain interaction with plaques originating from a iarge number of other coexisting'phages, &vén in the presance of
positive clones. - - oo : DI ST e

As a result of the formation of plagiies at 500 to 1000 plaques per a plate not so densely 1o avoid.the-problem, fol--
lowed by search on abott 8 x 10° plaques: 8 posflive plaques were obtained. Upon double infection with the M13 helper -

phage and with the host bacterium of the F" strain, 3.ZAPIl can undergo automatic subcloning in which a region cicned :.
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in the host is converted automatically into pBluescript SK (-) (Stratagene).

Plasmids were prepared from the above-mentioned 8 plaques in this way and were subjected to cleavage with the'
restriction enzyme EcoR | (TAKARA SHUZO Co., Ltd.) followed by agarose gel electrophoresis to identify the lengths
of DNA fragments. Of these fragments, one optionally selected DNA fragment of about 1.2 kbp was integrated inio'3 -
types of plasmids which were named as pYM104, pVM106, and pVM1089, respechvely

When these plasmids underwent nuclectide sequencing of the DNA fragments aocordmg 1o thie aforemen’aoned
Sanger method using BcaBEST™ Dideoxy Sequencing Kit (TAKARA SHUZO Co., Ltd.), 2 types of genes having a high
homology with the azuki’ bean EXT gene as well as with the BRU1 ‘gene [Plant Physiology, 104, 161-170 (1994)] and
the meri-5 gene [the Plant Cell, 3, 359 370.(1 991)] were cloned (pVM1 06 and pVM109 were the identical gene). Apar- .
tial nucleotlde sequence of pVM106 (azukd bean XRP1) one of these genes, is shown in SEQ ID NO 14 ln the ’
Sequence Listing. .. .. .. . ..o - S

-, . - s

Exaﬂbles '. _‘ s ‘i‘(‘.x":‘-l-:-" v‘ : . ‘:._— '.,.\"‘.

lsolatlon of Azuki Bean XBPZ cDNA, Famrly Gene oLEXT Gene by PCR ' ” o -

About 10000 pfu (plaque tormlng unrt) of a Aphage solut:on (33 p,l) prepared from the ground parts of azuk: bean
in the, same manner as in Example 2,.was subjected 10 twnce extraction with the’ phenol/chloroform soluhon foliowed by "°
ethanol precipitation to obtain a simply. purmed Lphage DNA Wrth this total DNA utilized as a terrplate the PCR reac-’
tion using PCR Amplrf:catron Kit (TAKARA SHUZO Co., Ltd) was carried out by using the mixed synthetlc oligonucle-
otide (Sequence !D NO.13) as a.sense pnmer and as an antsense pnmer an ohgo(_dT)‘lB‘ prlmer in whleh dTTP was
bonded with 18 bases. The reaction was carried out at 94°C (1 minute), 55°C (1 mmute)& and 72°C (1 mlnute) with
repeating the cycle 25 times and the resulting reaction solution was maintained at 72°C for 7 minutes. Then, with 1 pl
of this reaction solution utilized as a template, the second PCR was carried out by using the mlxed synthetlc ohgonu-
cleotide (SEQ ID NO 13) as a sense primer and the oligo(dT)18 primer as an antiSense ‘primer, “with repeatlng ‘the
above-mentioned cycle 25 times. After completion of the reaction, the, reac’aon mixture was analyzed by 3% agarose
gel electrophoresis to oonfrrm that DNA, fragmentsof about 260 bp,. 350 bp. 450 bp 500 bp. 600 bp, 750 bp, 800 bp, __
and 1300 bp. were amplified.in especrhcmanner These fragments were recovered and end-blunted by usmg DNA )
Blunting Kit (TAKARA SHUZO. Go., Lid.).-In addition, the 5 termlnus of the PCR product was phosphorylated by using .
MEGALABEL™ (TAKARA SHUZO Co., Lid.) and the- resultmg product was. subcloned at’ the Hing |l site of pUCT19
(TAKARA SHUZO Co.,, Ltd) When these. plasmrds undement nucleotrde sequencing of_ the. DNA fragments according
to the Sanger method using BcaBEST“‘ D!deoxy Sequencrng Krt (TAKARA SHUZO,Co.. Ltd ). 2 types of’ genes ‘having
a homology with the azuki bean, EXT ‘gene were cloned One of them was ndentrcal with pVM1 06 and pVM109'in Exam-
ple 2.-A partual nucleotide sequence of. another geng, (azukn bean XBPZ) is shwvn in SEQ iD NO 15i in the Sequence

Listing. -.- CSTILa et e R R R e L I SN P
e areeoun et ooy T ssel oo teesl e e
mp|e4‘ [ S R LA A
Isolatron of Tobacoo.XRPmDNA,fFanuly Gene of EXT Gene S L mEe o '

A

A cDNA lrbrary (Stratagene} wuth MAP asa vector was utlllzed and m order toprepare a probe a mixed synthetic
oligonuciectide (27mer, SEQ ID NO 13) correspondlng,to the ammo aqrd sequence (SEQ ID NO. 28) of DEIDFEFLG,
conserved in. the proteins that act upon xyloglucan, was labeled with fy->2PJATP | using DNA 5™-Terminal-Labeling Kit
MEGALABEL“‘ (TAKARA SHUZO Co., Lid.). The,plaque hybnd;zatlon using this probe was carried out for the above-
mentioned cDNA library in the same rpanner asin Example 2., Then asa result ot search on about 3 x 104 plaques, 30
positive plaques were obtained. »

Upon double infection with the M13 helper phage and with the host bactenum of the F' strarn AZAP (Stratagene)
can undergo automatic subcloning in which a region cloned in the host is oonverted automatically into pBluescript SK.
(-) (Stratagene). Plasmids were prepared from the above-mentioned 30 plaques in this' way and were subjected to
cleavage with restriction enzyme EcoR | followed by agarose gel, electrophoresrs to |dentlfy the lengths of DNA frag-
ments. Of these fragments, 2 types of plasm:ds containing DNA tragments of about 1 .5 kpb and about 0.9 kpb were
named as pTM3D and pTM11D, respectively. . .-

~ When these plasmids underwent nucleotide sequencung of the DNA fragments acoordlng to the Sanger method
us;ng BzaBEST""Dideoxy Sequencing Kit (TAKARA SHUZQ Co.. Ltd) 2 types ‘of genes having a homology with the
azyki bean EXT gene as well as the above-mentioned BRU1 gene and merl-s gene were cloned. A partial nucleo'ade
sequenre of pJ’M1 4D, onge such type (tobacoo XRP1), is shown in. SEQ iD. NO 16in the Sequence Lxstlng

L - = - -
:' T
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Exa_mple 5
Isolation of Genome DNA Clones of EXT Gene Family Genes

(1) Preparation of Genome DNA from Azuki Bean Leaves i
Seeds of Vigna angularis ohwi et Ohashn ov. Takara (WATANABE SHUSHi Co., Lid.) were germinated according

to the method described in Physiologia Plamarum Q, 490-497 (1991) to ‘Obtairi about 10 g of leaves. These leaves
(about 10 g) were pulverized in amortar in the presence of lquid nitrogen to prepare a white powder. About 2.5 g of the
leave powder was immediately placed in a 50 ml polystyrene tube and extracted witn 10°m! of a urea-phenol DNA
extraction butfer solution [0.05 M Tris-HCI (pH: 7.6), 0.02 M EDTA, 5% phenol, 8 M urea, 0.35 M NaCl, and'2% sodium
lauroylsarcosinate] mixed with 25% SDS at 65°C for 1 hour. The extract was mixed with a 2-fold volume of a phenol-
chloroform-isoamyl alcohol (25:24:1) mixture, stirred gently for about 15 minutes, and then centrifuged at 2000 rpm for
15 minutes. After the centrifugation, the supernatant was transferred into a new tube, again mixed with a 2-fold volume
of a phenol-chloroform-isoamyl alcohol (25:24: 1) mhixture, “stired gently for ‘about™5 ‘minutes, and then certrifuged at -
2000 rpm for 15 mmute?s The supematant after this centnfugahon was transferred into a new tube, mixed with a 2-foid
volume of ethariol, and stiired gently. Thei, the’ preaprta'ted whrre genome DNA wasoiled odtby using a Pasteur pipet
and transferred |nto a new tube. To thxs tube was added 1.5 mrof a TE'buffer solation [16‘mM Tris-HCI (pH: 8.0) and 1
mM EDTA] and the resiiting mixtuuré was kept at SS’C overmgﬁt to dissolvethe DNA Arf%!ysls of 17l of a Sample, pre-
pared by diluting of this DNA splution 1o fon by 0. A% agarose gel electrophor&tts ‘evealed that the solution contained
a high molecular DNAJa’t a concenfra'aon of abcsut 100 r'og7;,|1r in oher’WOrds, 150 pg ‘of the genbme DNA was obtamed

fromabomZSgoftheleaves S o ) ‘ e 'ev -

S ©oae ]

2) Cpnstrucf'onofGenome DNA lerary - “ = é’lf"

4 -~

-t

3oL 30T NS raung 620 : c e

" Conditions were examlned in ordert w eét thé abwe-obtahned gehOme DNA {6 partiaf dlg&eﬂon w:th restriction
enzyme Sau3A'l. That is to $ay. ‘10‘Ulu1 o u3A 1 (TAKAM SHUZO Co./1d) walt diluted Witt & diluent buffér solution
to adjust its concerttrafion in a 50"yl Feactish. solu'noﬁ (4N pg s DNAj 10 116 0: 035 U/ BNA; which- ‘was reacted at 37°C
for 30 minutes and theﬁ mlxéa wrth~ ¥ wofas M EDTA to stcp the reac'aon Aﬁer fhefeachon & 26 W sample was’ana-
lyzed by0.4% agarose, gel electiophdresi o indicate that moleculesot 15 fo 26 kb sizé-were formad most abundantly
under thé condition-with 0.1 U/Tpg DNA. The reacuprfwas scafed Up urider thisScohdifiol andl 10 10 pg of DNA, partially
digestéd under this condifion, Weré added 5 ! ofa10 “ fitt4h buffer sohstion' {5 M Trig-HCI {BH: 7:2)70.1 M maghesium
sutfate, 1 mM DTT, 500 ug/ml ace‘ty?a’tecf BSK, ‘I 0mM dATP and 10 mMAETP]aRF 10U 6f thé Kleriow fragment. ‘Affer
the total volume was made 50 Tilwith distilled water, thie réaction-was' carled-out-at 37°G for- -30 Thinutes.’ Afer cAmple-
tion of the reaction, the reaction solution was mixed with 50 pl of a phenol-chloroform-isoamyt alcohol (25:24:1) mixture,
stired gently, and then centrifuged at 12000 rpm for 5 minutes. The supernatant was transferred into a new tube and
precipitated with ethanol. The precipitate was dissolved in 20 ul of a TE buffer solution [10 mM Tris-HCI (pH: 8.0)and 1
mM EDTA]. Then, 0.5 ng and 1.5 pg each of the resulting partially filled-in, partially Sau3A I-digested genome DNA was
ligated with 1.0 pg of AGEM11 Arm (Promega Biotech) using TaKaRa Ligation Kit-Version 1 (TAKARA SHUZO Co.,
Ltd.). In other words, 0.5 pg and 1.5 ug each of the parhally filled-in, partially Sau3A I-digested genome DNA was mixed
with a solution containing 1.0 pg of AGEM11 Arth (i (Promega Bistech) and, after’ evaporation toldrimess, thie mixture was
dissplved in 5 pl of a ligation buffer solutuon mlxed wnh 5 [l of Solutior B%in TakaRa Ligation Kit-Varsion1 and then
undemem ligation at 26°C for 10 miriutes. The hgated sample was Subjected to 1wncephencl extraction followed by eth-
anol precipitation. Then, the total amount undet‘wwrpatkagnng Ey usung‘ an in vitro paokagrnght (Stratagene) Tolowed
by infection with £. coli LE392, the host bactériun, to obtaimra genome DNA library of the azukn been The tﬁer of this
library was measured to be 2.1 x 105 pfu/mi. ‘ Rl

Nt Qo a - L e . . .= -
. .3 . : . 4 - O

-

(3) Soreening of Library and Isolaﬁon ofGene = "7 T . . iR

Utilizing this library, the azuki bean EXT gene cDNA [EP 0562836 A1 (1993)] of'about 1.1 kbp was labehd wﬂh [a-
32PJdCTP using BcaBEST™ Labeling Kit (TAKARA SHUZO Co., Ltd) to prepare a probe for plaque hybridization..In
other waorde 28 ng of the above mantionad DNAS nagluelu &nd 2 i of & randoim primeT weie paced v u ube, dilvied
with d:stnlled watef to make 5 pl, and subjected fo heatlng at 95°C for 3 miinutes followed by rapid coohng inicd. Thereto
were added 2.5 ! of a buffer solution of a 10-fold concentration, 2.5 nl of @ dNTP mixed solution: § il of labeled dCTP,
distilled water to make 24 yl, and 1 pl of BcaBEST™ DNA Polymerase (TAKARA SHUZO Co., Lid.) and the Tésulting
solution was incubated at 52°C for 10 minutes. The enzyme was deactivatéd by heat denaturation with heating at 95°C
for 3 minutes followed by rapid cooling in ice. The total amount was used for the hybridization. The specific activity of
this probe was 7.2 x 108 cpmug.
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The plaque hybridization was carried out in the same manner as in Example 1, except that the pre-hybndxzatlon

and hybridization were carried.out at 65°C.
Afterthe hybndnzatlon the membrane was washed once with a washing solution contammg 2 xSSCand 0.1% SDS

at room temperature for 20 minutes and further with a washing solution containing 0.1 x SSC and 1% SDS at 50°C for

20 minutes. Phages were-inoculated on 10 square plates so as to form plaques at 1 x 104 plaques per plate. As the

result of screening on 1 x 10° phages obtained from a total of 10 plates,. 10 positive plaques were obtained. Next, each

of these plaques.was utilized for secondary screening. Phage DNA was extracted from each plaque obtained in the sec-
ondary screening by the plate lysate method. This phage.DNA was subjected to digestion with restriction enzymes Sac

1, EcoR |, Hind lll, BamH |, and Pst | (all: TAKARA SHUZO Co., Lid. ) followed by Southern hybridization using the same ’

probe- ‘mentioned above.. - .

The Southern hybndlzatlon is wned out aocord:ng to the method descnbed in "Molecular Clonmg A laboratory
Manual”, Second Edition, Chapter S, pp: 9. 31-0.58 {T. Mamans et al., Issued by Cold Spring Harbor Laboratory Press
in 1989). . -

That is to say, each of the DNA sarrples was sub;ected to 1./6 agarose gel electrophores«s followed by alkalme '
denaturation and Southern blottmg ona nylon membrane (Hybond-N, Amersham) overnight. ‘After DNA was immobi- ~

lized by irradiation with a ultraviolet transilluminator (254 nm) for 5 minutes, the membrane was subjecied to pre-hybrid-
ization in 5 m! of a pre-hybridization buffer solution (5 x Denhardt's solution, 6 x SSC, 0.1% SDS, and 10 pg/ml salmon

sperm DNA) at 65°C for 2 hours. Then, the probe was added and hybridization was carried out at 65°C overnight. After

the hybridization, the membrane was washed twice with.a washing solution containing 2 x SSC and 0.1% SDS at room
temperature for 10 minutes and then washed twice with the same washing soiution at 50°C for 30 minutes. After being

dried, the membrane was exposed overnight at -80°C in a cassette in which an x.{ay film (lgodalg) was placed to pre-

pare an autoradiograph.

From the pattern .of the obtained autoradiograph, 10.phages were classified into 3 types. Of DNA fragments
inserted into these 3 types of phage vectors, the DNA fraqment wh;ch was detected when the azuku bean EXT gene
was used as the probe, underwent subcloning to the plasmnd,yector o analyze a partial nucleotlde sequence. The result

indicated that the .DNA fragment lnserted into phage vectors of-all plaques contalned a gene analogous to the EXT .

gene, namely a family gene. However, the EXT. gene was not contamed thereln I , -

o . LI I - - e L~ N - - 1t e . gve N - . [
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Clomng ot DNA Fragment Contalnlng "The Promoter Downstream Fleglon of AzukLBean EXT Gene trom AZUKL Bean
ParhalGenomeDNAlerary R ~e- e e e )
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The genome DNA extracted trom azukl bean leaves in the same manner.as in. Example 5 was subjected to diges-
tion with restriction enzymes of EcoR | and Hind Hi, double dlgestlonwuth EcoRI -Hind llL and 0. 7% agarose gel elec- -

trophoresis, followed by transfer to a nylon membrane and Southern hybndnzatlon using, as a probe, the azuki bean
EXT gene cDNA prepared in the same manner.as in- Example 5(3). ... .,

The Southern hybridization was carried out accordnng to the method descnbed |n Exarnple 5-(3) except that, after
the hybridization, the membrane was washed thrice with a washing solution cortaining 2 x S8C and 0.1% SDS at room
temperature. for 20 minutes, washed twice with the same washing solutlon at 50°C for 20 minutes, and then washed
twice with awashing soluhon containing 0.1.x SSC and 0.1% SDS.at 50°C. for 20 minutes. |

The result revealed that about 3 bands were detected on each lane and the most intense band appeared for the
EcoR I digest at about 8.5 kbp, -for the Hind il at about 8.5 kbp, and for the EcoR.I-Hind 1l double-digest at about 5.5
kbp. Then, 30 pg of DNA that was completely double-dlgested with EcoR I-Hind 1ll was sub;ected 100.7% agarose gel
electrophoresis, recovery of a band around about 5,5 kbp from the agarose gel Ilgatron to the EcoR I-Hind [lI site of
AEXlox (Novagens), and packaglng by using in-vitro Peckaglng Kit (Stretagene) followed by infection with E. coli

ER1647, the host bacterium, to obtain a partlal azuki bean genome DNA Ilbrary of a size centered with the about S5 .

kbp DNA fragment having the EcoR I-Hind Il! site at both termini. The titer of thls Ilbrary was 1.9 x 108 pfu/ml.

Next, plaque hybridization using the azuki bean EXT gene cDNA as a probe was carried out in the same manner’

as in Example 5. Ten positive plaques were obtained from 1.3 x 10° plaques. These plaques were suspended in a SM
buffer solution and each plaque underwent secondary screening. in the second soreenmg the above-mentioned azuki
bean EXT gene cDNA as well as an oligonucleotide VAN-U7 (Sequence ID NO 17), synthesized on the basis of a 5'-
noncoded region having a low homology with an isozyme of the azuki bean EXT gene cDNA, were utilized as a probe,
respectively. In the case where the azuki bean EXT gene cDNA was utilized as the-probe, the plague hybridization and
washing were carried out in the same manner as described above. In the case where the synthetic ofigonucieotide
VAN-U7 was utilized, the hybridization probe was prepared.by labeling with [y-32PJATP using the 5'-Terminal-Labeling
Kit MEGALABEL™ (TAKARA SHUZO Co., Ltd.) at the 5™-terminus. The specific activity of this probe was about 2 x 108

cpm/ug. The plaque hybridization using this probe was carried out in the same manner as in Example 2, except that the -

20 ;-



(&)

10

15

20

25

30

35

40

45

50

EP 0 818 532 A1

pre-hybndrzatrbn and the hybridization were camried out at 47°C. After the hybndrzaum the membrane was washed
twice with a washing solution containing 6 x SSC and 0.1% SDS at room temperature and then' washed twrce witih the
same washing solution at 47°C for 20 minutes. The result revealed that, of 10 positive plaques, 4 plaques ‘were DNA
fragments containing the EXT gene cDNA. The phages inséried with these-fragments were subjéected to automatic sub-
cloning by infection with Z. coli BM25.8, & host-bacterium having the R1Cre gene, where'a ‘fégion'subcloried automat-
ically in the host was converted to a pUC-type plasmrd The thus-prepared plasmid was named as pyXG303.. -

The £. coli JM109 strain (TAKARA SHUZO Co., Ltd) tr‘ans‘iormed with pVXG303 is denoted & mpnnted as
Escherichia coli JM109IpVX303 and has beert deposrted on March 15, 1995 (the date-of ohgmai deposrt) in ‘National
Institute of Bioscience and Human-Techriology, Agency of Industrial Science’ and Technology, Ministry of Industrial
Trade and Industry (1-3,. Higashi 1-Chome, Tsukuba~Shr ibaragi-ken, 305, Japan) as the accessron No. FERM 8P-
5390, in accordance with tfie Buddpest Treaty. This plasmid Underwent nircieotide sequencing of the DNA fragments
according to the Sariger method usihg BcaBEST™ Dideoxy Sequentcing Kit (TAKARA SHEZO Co., tid.). Partial nucle-
otide sequences thereof are shown in SEQ ID NO 18 and SEQID NO 19 in the Sequence Listing. Companson of these
sequences with the' séqu'enc'evf 1he azukl bean EXTgehe CcDNA revealed‘that sald fragmem contamed a promoter of
the azukr bean EXT g‘ema o S e ‘

e A o1} P S T LAV R I O

Exarrple 7. s

o eBys BT

Cloning of“ DNA Fragme‘ng‘Contarnrng Promoter Reg1on of Azuki B_ean EXT’G é%ﬂnve?‘se PCR

Rz, RN A

-

(1) Examination of Self-Ligatidn Efficigndy " T T 7iEAT S0 W0mde Lanme T S 3

pvxesoa in EXan%Ie ‘siga plasmkfof aboiit 9.5 kbp- haihng*an EcoR l/'Hind n fragmem ong?nating from a genome
DNA of 5.5 kiip contarn‘rﬁgﬁbro?noter regrdrf of the 520K beaH BXT gehe> ™ ~ 7 v 38 G e

Asa control for seff-ligation a_nd Inve?se PCR”ms}plasmrd‘Was drgwed wrﬁ'r‘r'éstncifon'\eﬁzﬁ'ne Hind I and then
self-ligated at DNA cohcentiitions of 10 nglul ‘3. 3‘ngfp,i”2 P/ -ahdt nglur Pespecﬁvely Affer the ligatidr, §1.f each
of the samples was transformed into E. coii UM109 and'the self-ligatiort eﬁrcrencywas obriined ftom the number ot col-
onies formed. The result indicated that the self-ligation efficiency increased with diluting the DNA concentration. How-
ever, in the case where polymerase chain reactions (PCRs) with these ligation solutions used as templates were carfied
out by using a primer VAN-UH1 (SEQ ID NQ 21) as a sense primer and a primer VAN-L (SEQ ID NO 22) as an anti-
sense primer, an inhibiior’ was-ndiiced when & largef ‘volurn® 'of the figation solutidn was added'iri the'reaction system -
in order to increase the template amount and also the recovery decreased with diluting the DNA contentration when
ethanol precipitation was carried out in order to decrease the termlate amount in the reaction system. These results
revealed that the objective cyclrcDNA‘coufd be dbtaired’ etficiently when ‘thi DNA cont:entratron “and the reacbon vol:
ume in thehgatron were adjustedats 3 ng/p! and 300 al, reepectrvely R R TR

SR LT s LT U NIt I SR

P s =
[P [sARFshae

2 lnverse PCR with Hind 11l Fragmem of Azukr Bean DNAUsed as Ten'p]afe LR N

One pg of the genome DNA prepared from azukr bean teavesiin the saine'ménher asin Exan'pré Swas oompletely
digested with ‘réstriction enZyme Hind i, extracted once wrth the phenol/chloroform dolution'to dedctivate the enzyme,
and then underwent ethanol precrpnatron The ethanollprecrprta'ted DNA was mixed‘with 268 pl-otdistiled water, 30 ul
of a 10x ligation buffer solution, and 2 pii of T4 DNATigase (TAKARA ‘SHUZO Co., -[fel)) andt then uridetwent selfigation
by reaction at 16°C ovérnight. With 0.1 yg of the obtainéd cyciic genome DNA used as the template, PCR using
TaKaRa' LAPCRKit (T AKARA SHUZO Co., Ltd) was carried out by usrng primer- VAN-UHV(SEQ'ID N©® 1) as a sense
primer and primer VAN-L (SEQ ID NO 22) as an antsense primer. The reaction was carried out by répeating a‘cycle of
94°C (0.5 minute), 55°C (1 mrnme) and 72°C (2rmnu1es) 30 tittres. However, arty amplification‘was rot obsérved in this
reaction. Then, with 1 pl of this‘reaction solution used 3s a term:late PCRs were camed rn‘the seme manner with
repeatrng the above mentroned cyde 30 trmos by usrng ' ~t

XT [ Y V. T
1) primer VAN UH2 (SEQ D NO 23) as ‘a sense prlmer and prrmer VAN Lf6 (SEQ Ie] NO 24) as : an an'tlsense
primer, -
2) primer VAN-UH3 (&EO ID NO 25) as a sense pnmer and prlm r VAN i3 (B8EQ iD r‘vG 26) s un difiserse
primer, -E SR A
8) primer VAN- UH2 (SEQ ID NO 23) as a sense pnmer and pnmer VAN-l-.s (SEQ ID NO 265 asvan antrsense
prrrner and - - e

4) primer VAN-UH3 (SEQ ID NO 255 ds a sense prnmer -and prrmer VAN-L16 (SECF iD 'NO 24) as an anhsensej
primer. "

bl s AR ’ DN -
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Analyses af the reaction solutions after the reactions by 1% agarose gel electrophoresis revealed that a DNA frag-
ment of about 1.8 kbp was amplified specifically in the combination of 3). i was difficutt in other combinations to |dentrty
the objective fragments owing to the amplification ot many nonspecific DNA fragments.

The DNA fragment obtained in the primer combination of 3) was recovered from the gel and subjected to end-b!unt-
ing using DNA Blurting Kit (TAKARA SHUZO Co., Ltd.), phosphorylation of the PCR product using the 5-Terminal-- .
Labeling Kit MEGALABEL™ (TAKARA SHUZO Co., Lid.) at the 5'-terminus, and then subcloning at the Hing Il site of
pUC119 (TAKARA SHUZO Co., Ltd.). Three plasmids were selected therefrom and underwent nucleotide sequencing
of the DNA fragments aocordlng to the Sanger method using BcaBEST™ Dideoxy Sequencnng Kit (TAKARA SHUZO
Co., Ltd.). Since partla! nucleotide sequencing indicated that the nucleotnde sequences were identical for al! plasmids,
the total nucleotide sequence was determined. by \using one of these sequences

A partial nucleotide sequence thereof is shown i in SEQ.ID NO 27 in the Sequence Listing. Also, the restnchon map
of said DNA fragment is shown, in Flgure 2. The- plasmud oontammg said DNA fragment is denoted as pVXP -H3,
whereas £. coli JM109 stram transformed with said pVXP -H3 is. denoted and lndlcated as Escherichia coli
JM109/pVXP -H3 and has been deposned on February 17,1995 (the date of onglnal deposrt) in National Instltute of Bno-
science and Human-Teehnology. Agency of Industrial Science and Technology Ministry of Industrial Trade and Industry
(1-3, Higashi 1-Chome, Tsukuba-Shi, !baragr -ken, 305, Japan) as the accession No. FERM BP- 5388 in accordance _
with the Budapest Treaty. .. . ., .- .. o G e - , .
ExarrpleB 2 e -".‘Q"z' P ) A I RS A R P R A LR

Cloning of DNA Fragment Contalmng Promoter Upstream Reglon of Azuki, Bean EXT Gene from Azuki Bean '
GenomeDNAL:brary T o -

.~

t - . R Y -

- 1 . .o <

(1)Consh'ucunnofGenom|cDNAL1brary ST IR e A e .

Condrhons were examuned m order to subject the genome DNA obtalned in Example 5 to part:al dngestlon with
restriction.enzyme Sau3A 1. That is to say. 10 U/l of Sau3A L(TAKARA SHUZO Co., ‘Lid.) wasdlluted with a.di luent
buffer solution to adjust its concentratlon inas50ul reaction solution (1 Jile] DNA) to 1 t0 0.035 U/ug DNA, which was
reacted at 37°C for 30 minutes and then mixed with 1 p! of 0.5 M EDTA to stop the reaction. After the reaction, a 20 ul
sample was analyzed by 0.4% agarose gel electrophoresis to indicate that molecules of 15 to 20 kbp size were formed
most abundantly under the condition with 0.1 U/ug DNA. The reaction was scaled up under this condition.

Nexi, 160 ug of DNA, partially digested under this condition, was utilized for attempted fractionation of molecules
of 15-20 kbp in sizes, by carrying out NaCl-density gradient centrifugation. That is to say, density gradients of 1.25t0 5
M NaCl were prepared into centrifuge tubes fitted to a HITACHI RPS40-T Rotor, 200 ul each of DNA (about 160 ng)
was placed slowly, and ultracentrifugation using a HITACHI SCP70H ultracentrifuge was carried out at 35000 rpm for 3
hours. After the centrifugation, samples were divided in Eppendort tubes with 250 ul each. Analysis of 20 yl aliquots
taken from every 3 tub&s 'by-0.4%-agarose gel electrophoresns snducated that tractlons Nos. 18 to 21 seemmgly con- .
tained DNA molecules ot appropriate sizes: Therefore, each of 0. 3 pg 06 ng, and 1 2 ng ¢ of the DNA from fraction No.
20 was mlxed with a 1.0 ng selution-of AGEM11 .Arm (Promega. Bigtech) to. make an8yl solution, which, after addition
of 8 pl of Solutlon il and 16 ul of Solution 1 in TaKaRa Ligation Kit Vers:on 2. (TAKARA SHUZO Co Ltd) underwent
ligation at. ?6°C for 10 minutes. Each cf the samples after the Ilga'non was subjected to twice extraction with phenol and
ethanol precrprtatlon..ﬂren the totaLamourrt underwent packaging by using an in vrtro packaglng Kit (Stratagene), fol-
lowed by infection with E. coli LE392 the host bactenum to.obtain an azuki bean genome DNA hbrary The titer of this
library was 1.1.x 105 pfwml, -+ .

(2)Screeningofl.ibrm:y ;’._ . " .

Y B i

(TAKARA SHUZO Co., J.td ) to prepare a probefor hybndxzatron The plaque hybrldlzahon usmg this probe was carried
out on the above—prepared genome DNA library in the same manner as in Example 5. After the hybndlzatlon the mem-
brane was washed thrice with a washing solution containing 2-x SSC. and 0.1% SDS at room temperature for 20 min-
utes and further washed once with -a washing solution containing 1 x SSC and 0.1% SDS at 50°C for 20 minutes.
Phages;wer‘= inoculated on 20.square plates so as to form plaques at1 x 104 plaques per plate. As a result of screening
on 2.x.1 0~ phages obtaxned from a total of 20 plates, 21 positive plaques were obtained. Next, each .of these plaques
underwent secondary screening-in order to isolate its positive clone respectxvely

The secondary screening was carried out by inoculation of a phage solution, which was taken from each of 21 pos-
itive plaques obtained in the-primary screening, as thinly as possible so as to form about 300 plaques per a square
plate. followed by plaque hybridizatiop. In the second screening, the genomic DNA fragment obtained in Example 6 in
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the same manner as'in the primary screening as well as an oligonucleotide VAN-U74SEQ ID NO 1 7). synthesized on
the basis of a’5-noncoded region having a low homology with family genes such as other isozymes (the azuii bean
EXT2 and the azuki bean EXT3) in the azuki bean EXT gene cDNA sequence, respectively were utilized as a probe. In
the case wiiere the genoimic DNA fragment was utilized as the probe, the pfaque hybridization-and washing were car-
ried out in'the same manner as in the first screening. In the case where the syn'ehe’nc ougomcleotode VAN-U7 was uti-

lized, the same procedure as in the case of Exan'p!e 6 was applied. - - -

Of 10 plaques showing positive s:gnals obtamedm the secondary screehmg ‘One plaque with an intense signal was
selected for carrying out tertiary screenmg ‘However, this plaque with an intense sngnal was only one in about 1000
plaques even in the secondary screening. ‘Furthermore this’ only placme was very small. For the purpose of puritied pro-
iferation of this plaque, the tertiary sereenlng v\msw:amed out by inotutation n 6 circular plates (90 mm &) so asto
torm 100 to 200 plaques per a plate They were utilized Yor the hybndlzaﬁoh and washmg in the same manner as in the
secondary screening. As a result. an extremely small plaqueof a needle-“up suze-was detected at a position that did not
correspond to the plaque recognized'as the sngnat arﬁrst glande but abrreeponded to the's sngnal on a very careful obser-
vabon of the plate. A phage DNA\nras extracted usrng this plaque by a careful apphcatuon of the plate lysate method.
DNA wagments inserted i mto a phage vector orf sa:d plaque we‘re extracted and then aDNA fragment of about 11 kbp :
in kot was obtaned. - SRS Rl

By carrywng out double digestion of this DNA fragment with EcoR I-Hind Il and Southern hybridization usmg. asa
probe. the azulu bean EXT gene genome DNA fragment obtained in Example 6, a shorter DNA fragment containing a
promoter regron of thes gene could be defined. Nucleotide sequencing using the plasmid inserted with this DNA frag-
ment and comparison of said fragment with the sequence of the azuki bean EXT gene cDNA revealed whether this
DNA tragment contasred @ promoter of the azuki bean EXT gsne. Figtire'1 showe thé redtfiction map of said fragment.

Also. a partal nucleotde sequence of said fragment is shown in SEQ ID NO 20 in the Sequence Listing. Thé plasmid
integrated with thes fragment into the EcoR | and Hind Il sites of pUC118 (TAKARA SHUZO Co., Lid.) is denoted as
pPVXP101. whereas £ co JM109 strain transformed with pVXP101 is denoted‘and indicatéd ‘48 Escherichia coli
JM1084VXP 101 and has been deposited on February 23, 1995 (the date of original deposrt) in National Institute of Bio-
science and Human-Technoloqy Agency of industrial’ Scrénce andsdemoioqy Minigtyof lndUStnal Jrade and industry
(1-3, Higashi 1 Chome Tsuﬁuba’Shl baragr-ken 305 Japan) as the accesswn Nc’ FEF‘%M BP“5389 in accordance :
wrththé&:dapéStTreaty ? ‘Jg ’ IR A PRLaaTnEL e R
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Nortﬁern Hybndxzatron Usnng Azukr Bean Young Plant

(1) Preparatron ofTotaIRNA a I '"'A r

< 5 *‘ﬂ*i,e‘)s. P

Tssues taken from stems, buds, cofyledons*and Igaves of 5 day-OId andrdo day-bld ‘azuki bian plahts after seed- ™

ing were frdzen in liquid mtrogen oollectwely and‘then kept &t -80°C untll RBA éxtraction" was- operated. Total RNAs
were exiracted from éach of thése frozen tissues by the guannd“ne thlwyanate/pﬁenol thethod:Fhat is to'say, 1 g of fro-
zen cells was placed iff a ‘tube containmg 2.5 ml of d'guaridire thiocyanate solttion [a°200!r#f 8dlution prepared by dis- -
solving 100 g of guamdlne thlocyanate and 1.47 Q of sodlum crtrate dihydrate in' water |s~kept~at 4C and 7 W of
mercaptoethanol and 5 mg &f sodium Iauroyisaroosmate peér 1 mi are added before Use]: ctusHed with a Polytron to -
effect extraction, mixed with 2.5ml of & phenol chioreforinsisoamyl alcohol (25:24:1) mixfuiré; stired gently for-15 min-
utes, and then centnfuged at 3000 rpm:for-10 minutes: Then, thi Separated aquedus: Iayer was rruxed with 2. 5miofa
phenol-chloroform-isoamyl alcohol (25:24:1) mixture with vigorous sfirring and the resulting suspénsion was ecentri-
fuged to separate an aqueous layer. This procedure was repeated twice. Next, the resulting agueous layer was mixed
with 2.0 ml of a phenol-chioroform-isoamyi aicohol (25:24:1) mixture with vigorous stirring and the résulting suspension
was centrifuged to separate an aqueous layer, which was mixed with 3 M sodium acetate and ethanol, and then centri-
fuged to obtain an RNA precipitate. Thrspreclpﬁate was oompletelydlssolve&n 2 mlof a Tris-SDS solution {50 mM Tris-
HCI (pH: 9.0) and 1% SDS} and placed ina tube contammg "2 'rrit of water-satirated ‘phendl, which wag'shaken well’ The
resulting suspension was centnfuged to separate an aquéous layer, to which 2 mi of watér-saturatéd-phenst-and 2 mi
ofa chloroform-nsoamyl alcohol (49:1) mnxture wére succ ssavely added with wgorous stirring and the resultmg susperr-
bIUll wHs wnmlugw 68} >epeuare an aqueoua ldyel Ne.xx iihe lubulully aquouua -uyel was lmAeu wml 2 ul u chi uul O-
form-isoamy! alcohol (49:1) mixture with Vigorous stirring and the resulting suspension was centrﬂugedio ‘separgtean -
aqueous layer, which was mixed with'3 M sbdium acetate and ethanol, and-then ceritrifugéd to-obtain an RNA pracipi- -
tate. This precipitate was completely dissolved in 0.5 ml of sterilized water and tfié concentration was adjusted to 1
mg/ml by measuring the absorbarce.: The resulting solution was mixed with-a 1/4 volume of 10'M lithiumi-chioride with
stirring, allowed to stand at 4°C for 2 hours, and then cerftrifuged to obtain a precipitate. This Brecipitate was éompletely
dissolved in 1 ml of sterilized wat r, mixed with 3 M sodiUrh acetate and ethanol, and then centrifuged to obtain about
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0.6 mg of an RNA precipitate.
(2) Northern Hybndlzatron

A tragment of the azuki bean EXT gene cDNA [EP-0562836 A1 (1993)] was labeled with [a-32P]dCTP usmg
BcaBEST™ Labeling Kit (TAKARA SHUZO Cp., Ltd.) to prepare a probe for northern hybridization..

The northern hybridization was_carried.out in the following way according to the method described in "Molecular.__

Cioning, A laboratory Manual”, Second Edition, Chapter 7, pp. 7.39-7.52 (T. Maniatis et al., published by Cold Spring
Harbor Laboratory. Press in 1989). That is to.say, the extracted total RNA was subjected to electrophoresis with formal-

dehyde-running agarose gel (1%). followed by neutrallzatlon in.an ammonium acetate solution and northern biotting .on
a nylon membrane {Hybond-N) overnight.. After BNA was fixed by irradiation with a.ultraviolet transilluminator (254 nm)
for 5 minutes, the membrane was subjected to pre-hybndnzanon in 20 miofa pre-hybndlza'non buffer solution [S0% for-

maldehyde, 0.65 M NaCl, 0.1 M Na-PIPES (pH: 6.8), § x Denhardt's solution, 0.1% SDS, 5 mM EDTA, and 100 pg/m! _ '
salmon-sperm DNA] at 42°C for 3 hours. Then, the $2P-labeled probe prepared by the above-mentioned method was . .

added to 20 ml of a pre-hybridization buffer solution [50% formaldehyde, 0.65 M NaCl, 0.1 M Na-PIPES (pH: 6.8), 5x

Denhardt's solution, 0.1% SDS, 5§ mM EDTA, and 10% dextran sulfate]. To this probe solution was added the membxane

btained by the pre-hybridization and hybridization was carried out at 42°C overnight.
After the hybridization, the membrane was washed thrice with a washing solution containing 2 x SSC.and 0.1%
SDS at 50°C for 20 minutes. After being dried, the membrane was exposed overnight at -80°C in a cassefte in which
an X-ray film (Kodak) was placed to prepare.an autoradiograph. ;

The result revealed that the EXT. gene expression was observed speclflcall)( in stems and the. gene was expressed -

part:wlarlymapartthatwasgrowrrwxﬂ'\ elongatlon S A ca s oaer

Exan'ple 10 -' = .,.:.-’-‘. ‘ Pl " . Ny ’. oo “r: e ‘...
PO B L - T L -l

Northern Hybndlzat:on Usmg Tobacco Cultured Cells T “ -

(1) PreparatlonofTotal RNA s e . ;ﬂ?__'.‘. sz e o

N A

Tobacco BY2 cultured cells wl;nch were cultxvated for 3, 4, 6 8_;, and 10 days. respecbvely were collected on a Buch- '

ner f'lter funnel by suction fitration. At thie time, the suction was applaed for addmonal 10 to 30 seconds after the culture
medium wasflltered out on thetunnel 80 as to,remove the liquid cutture medlum completely After. the culture medium

was drained off, about 1 g of cells was quickly reoovered by welghxng,lmmedxately frozen in Jiquid mtrogen and then
kept at -80°C until RNA extraction was operated. The frozen cells were placed in a tube containing 2 m! of an extraction .

solution [200 mM Tris-HCI (pH: 9.0), 100 mM NaCl, 10 mM.EDTA, 0,5% SDS, and 14 mM 2-mercaptoethanol} and 2 m!

of water-saturated phenol crushed witha Polytron for5 mlnutes toeffect the extrachon mixed with 2 mi of a chloroform-.

isoamyl alcohol (49 1) mixture, and vigorously stirred further wﬂh a Polytron. The résulting suspension was centrifuged

1o separate an aqueous layer. Next, the resulting aqueous layer was successwely mixed with 2 m! of water-saturated.

phenol and 2 ml of a chloroform»-isoamy! aleohol (49:1) mixture with vigorous stiming.and the resulting suspension was
centrifuged to separate an aqueous layer. This procedure was repeated twice. The resultma aqueous layer was mixed
with 2 mi of a chloroform-isoamyl alcohol (49:1) mixture with vigorous stirring and the resulting suspension was centri-
fuged to separate an agueous.ayerwhich was mixed with 3 M sodlum acetate and ethanol and then cen’(rlfuged to
obtain about 0. 7mgo£an BNA preapltate - o

, ? P R [P P . -

(2) Northern Hybndlza'aon : '_ e m e e e e ; .

J’he tobacco EXT gene cDNA (JP 7-79778 A) and a cDNA fragment (SEQ lD NO 16) of the family gene tobacco - .

XRP1 described in Example 4, respectively were labeled with [a-32PJdCTP using BcaBEST™ Labeling Kit (TAKARA
SHUZO Co., Lid. ) to prepare a probe for northern hybridization.

The northern hybridization was carried out in the same way as the method described in Example 9-(2). The results
are shown in Figure 3. That is to say, Figure 3 iliustrates the expressions of EXT and XRP, wherein the expression of a
tobacco-EXT-mRNA was shown in the upper row, the expressuon of a tobacco XRP mRNA was shown in the middle
row, and-the: rRNA amounts were shown-in the lower row. - =

-As: can be seen from Figure 3, it was revealed that the expression 01 the tobacco EXT gene was observed on the
first day of the cultivation, reaching to a peak on the 4th day. Conversely,. the tobacco XRP1 gene, a family gene of the
EXT. gene shown. in Example 4, was expressed intensely on the first day of the cultrvatlon and after the 6th day.

-At the same tm)ejhe growth curve for the tobacco BY2 cutture.cells was also drawn by measuring-the number of
cells and-the packed cell volume (PCV). The cell number was obtained by treatment of the tobacco BY2 culture cells

24 an
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with an enzyme solution (pH: 5.5) containing 1% celiulase-ONOZUKA (Yakuit Honsha Co., Ltd.), 0.1% pectoiyase Y23
(SEISHIN Corporation), and 0.4 M mannitol at 30°C for 2 hours to be converted into cell wall-free protoplasts, followed
by counting the number of the protoplasts with a biood counter. Furthermore, PCV was obtained'by centrifugation of a
culture suspension (10 ml) of the tobacco BY2 culture cells, taken in a 15 ml, graduated centrifuge tube, at 2000 rpm
for 5 minutes by using a swing rotor, followed by measurement of the volume:of cell pelle‘ts Heredpon, a mean value {n
= 5) was plotted on the graph shown in Figure 4. That is te say, Figure 4 illustrates the growttvin the tobacco BY2 cell
culture, wherein the vertical axes represent PGV (%) and the cell number, and the honzomat a:os reprwems the time

(cay). b e :

The results illustrated in Figures 3 and 41nd|cated that the tobacco EXT" gene was exprssed in any time and the
expression was intense particularly in ar early period of the logarithmic growth phase”

it was also indicated that the tobacco XRPT gene ‘a 1am||y gene of the EX¥ géhe shown in Exan‘pie 4, was
expressed intensely’in_ the induction phase and the stabonary phase A' : R S

. ' . [
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Transtent Assay Using Tobacco Culture Cells s ’_ S
(1)Consmzct|onofP|asm1dforTransfer T

2 R

Using pBI121 (Clontech) having the cauliflower mosaic virus: 35S promoter‘the E. cohoném GUS gene, and a tran-
scription terminatiof sequence cassette originatirg from riopalina synthetase; the’ EcoR-site of this plasmid was first
removed by subjecting said plasmid to end-blunting by using DNA Blunting Kif (TAKARA'SHUZO Co!, Lid.) atter com-
plete digestion with restriction enzyme EcoR | and transformation into E. co/i JM 109 strain after self-ligation. The
obtained plasmid was named as pB1221EL and E. col/i JM 109 strain transformed with pB1221EL was named as
Escherichia. coli JM 109/pB1221EL In order to remove the cauliflower mosaic vnrus 35S promoter region in the plas-
mid, this plasmid was subjected to digestion with restriction enzymes-Hind’ Il and Y& 1dnet then purification of the
objective fragment other than the 35S promoter region by agarose gel electrophoresis followed by cuttlng-off

Next, with pVXG303 prepared in Example 6 used as the template, PCR was carried out by using primer VAN-UHE
(SEQ ID NO 29) as a sense pnmer and pnmer VAN-LX (SEQ ID NO 30) as an antisense primer. The reaction was car-
ried out by repeatmq a cydié of 94°C (1 minute), 55°0(2 minutesy, and 724C-(3° mxnutas) 10 times.'The resultmg frag
ment was subjected to recovery by Separation with 2:5% agartsé get électrophiorests, ligation into the Hind 11l and Xba

| sites 6 the above-mentionedpB1221EL, and tririsformation into £. coli JM:10% strain: This plasmid was named as -

pEXTAEGUS and E. coli JM ‘|09 shﬁln transformed with pEXTAEGUS was narned as’ Esé‘henclua coli JM 10§/pEXTv
AEGUS. T~ s P I L L o3 S o
Next, pPEXTAEGUS was s&bjede‘d to end-btuntmg by’ usmg DNA Bfmtlng Kit (TAKARA 8HUZO Co., ’Ltd) after

corfplete digestion with restriction énzyme Hind iH: The resultirig DNA fragmeit was subjected to con'piete digestion”

with réstriction enzyme EcoFH termmal dephospﬁorﬂatlon By BAP treatment endpurrf catnonﬁy agarose gel electro-
phoresis. - BT 0 SR

On the other hand, pvXP-H3 prepared in Example- 7was subjectedto éna—bluntmg afﬂarcomplete dngestnonwnh
restriction enzyme Xba | (TAKARA SHUZO Co., Lid.); followed by complete digestion with resiriction erizyme EcoR't.

An about'960-bp DNA fragmerit containing a promoter region of the Xba | site to the EcoR 1 site of the azuki bean
EXT gene was subjected:to putfficatior by -agarose gef electropHoresis, lgation with the- above-mentioned pEXTAE-
GUS DNA fragment, and transformation into £. coli JM 109 strain. This plasmid was named as PEXTAXGUS and E.
coli JM 109 strain transformed with pEXTAXGUS was named as Escherichia. coli JM 109/pEXTAXGUS

pEXTAEGUS was subjected to complete digestion with restriction enzymes Hind |ll and EcoR |, ‘igation witha DNA

fragment containing a promoter obtamed by complete digestion of pVXP-H3, prepared in Example 7, with restriction

enzymes Hind IR and EcoR |, ’and then tramsformation into £. coli JM'109 strain. This plasmid was named &s PEXTGUS

and E. coli JM 109 strain transformed with pEXTGUS was named as Eschencma eo// M 109/pEXTGUS

1

-1 . -3 - ~

o

(2) Gene Transfer by Elecfroporatién ° - T 2 e : - v

The electroporation method was annliedt tn tha tranidler into tohazes BY2 cuthur? cells by sach of pEXTAEGUS,

pPEXTAXGUS, and pEXTGUS, prepared as described above, as well as by -each of promoter-tree pBI101 (Olontech -

denoted as pGUS in Figure 5) having oy the GUS gene cassette and pBlZZT (Clontech)’ havlng the cauhﬂower mosalc
virus 353 promoter ard the GUS gene, uséd as controls. 5. o

First, the tobacco BY2 culture cells weré treated with an enzyme solution (pH: 5.5) oon%ammg 1% cellulase-ONO
ZUKA (Yakutt Honsha Co., Ltd:), 0.1% pectolyase Y23 (SEISHIN Corporation), and 0.4 M mannitol at 30°C for 2 hours
to be converted into ceil-wall-free protoplasts: A suspension of the 27%-10° protoplasts of the tobacco BY2 culture celis



10

15

20

25

30

35

50

EP 0 818 532 A1

in an electroporation buffer solution (70 mM KCI,.5 mM MES, and 0.3 M mannitol, pH 5.8) was mixed with 3 pmol of
each plasmid DNA and a 10% PEG 6000/electroporation bufter solution with stirring. An electric pulse (300 V, 125 uF)
using Gene PulserJl (Bro-Rad Laboratones) was applied to the resulting mixture to transfer the DNA into the plant cells.

The cells were incubated in the Linsmaier-Skoog culture medium [Physiologia Plantarum, 18, 100 (19695)] contain-
ing 0.2 mg/ 2,4-D as an auxin, 1% sucrose, and 0.4 M mannitol at 26°C for 40 hours after the transfer. The cells were
recovered by extraction and a mixture of the recovered cells in 200 pl of an extraction buffer solution [SO mM phosphate
butfer (pH 7.0). 10 mM EDTA, 0.1% Triton X-100, 0.1% Sarkosyl, and 10 mM 2-mercaptoethanol] placed in an Eppen-
dorf tube was subjected to ultra-somwtron on ice for 30 seconds by using a ultrasonicator W-225 (Heatsystems-Ultra-
sonics) with settlng the output comrol atis and the duty cycle at 50%. Then; a supematant isolated by centnfugatron
was used for the assay of the GUS act:vrty\and the assay of the proteln quan’nty

: - .

(3) Measuremem of Promoter Actrvrty

The reacton was carried out by adding 45 i of the extraction buffer solution and 25 ! of a 4 MM 4-MUG substrate
to each 30 .l of the extract placed in a 96-well microtiter plate for fluorescence. After 5, 35, and 95 minutes, the reaction

was termenated by addibon of 50 pl of a reaction-termination solution (1 M NaCOgz). Then, the specific fluorescence

envtted by 4-MU, the reactrorrproduct. at an excitation wavelength of 365 nm and fluorescence wavelength of 455 nm,
was measised with. 8 tluoroscence plate reader [Fluoroscan 1l (Labosystems)l

Mo eover, the proten ouant;ty was assayed by aprocedure described as follows. Thus 2 5, 10 15, 20 &nd 30 pl '

of a 15 chuted soution of the extract or an 800 pg/ml BSA standard solution (20 pl of the éxtract butfer solution is mixed

with 80 pl ot 1 mg/mi BSA) weve plaoed ina 96-well mroro'ater plate and thereto were added respec‘avely 158, 185, 150, ~
145, 140, and 130 ul of dgsnlled water. .and 40 pl of. the assay reagent in Bio-Rad Protein Assay Kit (Bro—RadJ.aborato- ’

ries). Atter bang stirred t‘.lowly and then allowed 1o stand for20 mrnutes at room temperatuie, the mlxture was meas-
ured by a-plate reader (wavelength 590 nm) wrthln 60 mrnutos to assay the amount ot protern

the fluoresoence rntensrtnes of the 4- MU standard solu’aons were measured and the resylts were plotted ona graph wrth
the 4-MU quantity (pmol} at the x-axrs and the fluorescence mtensrty atthe y-axis. Then,_the 4-MU quantity per one flu-
orescence unit was obtamed trom the slope and furt.her the results on the sarrples were plotted on a graph with the

time (minute) at the x-axis and the fluorescence mtensrty atthe y- axs to obtarn the rncreasrng rate of the fluorescénce .

intensity and then to, obtam the decomposrtron rate  of.4- MUG equal to the GUS actrvrfy In addrtron ‘the GUS specific
activity was obtamed from the amount of prote:n The results are.shown.in Fgure 5.1n other words Figure 5 illustrates
the measurement of the EXT promoter activity using. the transformed tobacco BY2, cuhure cells wherein the bar graph
in the figure shows the GUS-specn‘lc activity. (omol 4MU/mmute/mgprote|n) upon the transfer of each plasmrd and the
restriction map. of the promoter .region of each plasmld is llluslratedthereunder .

As. shown in Frgure 5, it could be vern‘red that the DNA fragment contarnrng the EXT. gene promoter region exhrblted
an activity more intense than that of the caulrﬂower mosalc virus 358 promoter that had been said to be expressed.
intensely in the plants.

Example 12

: TR T o N . .
Detection of Tissue Specificity Using Transformed Arabidopsis . .. ..
(1)Construct|onof Plasmids for Transfer . .. - . .'.:..;l: s e e

~ h*qﬁ'

in order to obtam plasmrds for the transler as shown in Frgures 6 and 7.a blnary vector pBI-HI -35SIG [Plant and |

Cell Physrology, 3_1_,—805-813 {1980)] havmg a transcrlptlon termrnatron sequence cassette originating from nopalrne
synthetase and,.as a marker gene, a gene resistant fo hygromycm (HPT) and kanamycm (NPTII), and a GUS gene con-
taining an E. co/l-ongrn intron and the caulrflower mosarc-vrrus 353 promoter respechvely, were dlgested with restric-
tion enzymes Hind iil and SnaB | (TAKARA SHUZO Co., Ltd), and then purified by cutting out the objective fragment
ther than the 35S promoter region by agarose electrophoresis. Then, each of pEXTGUS prepared in Example 11 and
above-mentroned PEXTAXGUS were digested with restriction enzymes Hind 11l and SnaB |, and then puritied by cutting
out the fragment containing the azuki bean EXT promoter region by agarose ‘gel electrophoresrs These. fragments
respectivelv were;subjected to Jigation at the Hind il and SnaB | sites of the above-mentioned pBI-HI-358IG, and then
transformauon into £. coli JM 109 strain.. These ptasmids for the transter,were named as pBVEG101 and pBVEGtz1
respectrvely and E. coli JM 109 strains fransformed wrth these plasmrds ‘were named as Escherichia. coli JM
109/pBVEG101 and Escherichia. coli JM 109/pBVEG121, respectively. - :
Furthermore, as shown in Figures 8 and 9, the Hind Il and SnaB ! fragments of promoter-free pBI101 (Clontech)
having only the GUS gene cassette and pBI121 (Clontech) having the cauliflower mosaic virus 35S promoter were sub-
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cloned be thé same procedure as described above at the Hind 1ll and SnaB | sides of pBI-HI-35SIG to obtain the plas-
mids for control experiments. The thus-obtained plasmids were named as pBI-H-101 “and pBI-H-121, respectively, and
E. coli’"JM 109 strains transformed with these plasmids were named as Escherichia coli JM 109/pBI-H-101 and
Escherichia. coli JM 109/pBI-H-121, respectively. S

.

(2) Transformation of Agrobacterium for Ifection -

- c o . . B -

Each of the above-mentioned plasmids was mixed with Agrobacterium tuméfaciens EHA101 competent cells
[SHOKUBUTU SAIBOU KOUGAKU (Plant Cell Technology) 4. (3);_193-203’(1 992)]‘._ emitted with an electric pulse (2.5
KV, 25 uF, 200 Q) using Gene Pulser Ii (Bio-Rad Laboratories), and cultivated 8t 80°C for 2 days to transfer the plasmid
into the Agrobacterium strain. The Agrobacterium strains transtormed with these plasmids were named as Agrobacte-
rium tumefaciens EHA101/pBVEG101, Agrobacterium tumefaciens EHA101/pBVEG121, Agrobacterium tuméfaciens
EHA101/pBI-H-101, and Agrobacterium tumefaciens EHA10J1/pBI-H-121‘. respectively.

R - ' b s T- SRR IR S R e oA

(3) ProducﬁénofTrénsgeﬁc"lslartis a, L Tooomore et ':' T s T

PO ~
)

WS seeds, dn eco-type of Ardbidopsis thaliana, (availablé frorfi Notlinghdm Arabldopsis Stock Center: NASC) were
disinfected on the surface with 20% hypochiprite, then sowed on & MSO plate [MURABHIGE-Skoog inorgahic salt mix- -
ture (WAKO Pure Chemicals IndUstries, LidJ; mixed with 2% sucrdse, 3 righ’ thiamirie hydrochloride, 5 mig/ nicotinic
acid, and 0.5 mg/l pyridoxine hydrochicride; is adjustsd 1 pH6:3, mixd further with 0:2% gefan gum, autoclaved, and
plated], underwent Iow-temparatuiré freatment at 4°C for 2'days. and thén cuftivdted at22°C uhder continuous irradia-
tion of a 3000-lux light. Tranéplantation on & new MSO prafe was carried out at 1 wéek dnd2 weeks after the Sowing, -

respectively, and 6n 2 days after the transplant&tich at 2 weeks, 8 10 4'sturhps were Bundted"sind cut 1o prepare about *

1 cm-long sections of the rodfs: The s&ctions of the robts were placed side by side’dn a CIVF flate (0.5 mghl 2,4 dichlo-
rophenaxyacetic, acid and 0.05 g/ kinefin are added to the MSO plate) atd cuttiVatéd af 22Cfor 2'days under con-
tinuous irradiation'of a 3000 flx light. Theresifter, thie-séctions of té'2 day-cultivafed roats were soaked for 30 seconds

in a solution prepared by cultivation of each of the Agrobacterium sﬁ?hs'obféi'hé& (2) at 30°C for 2'days followed by
5-fold dilution With fhe: MS solution, staked up to femove xcess water, placed side by side on a new CIM plate, and
then cultivaltdd for 2 days; Two days later. the infected Sections were triinsferred on'a'SINC plate [to'the MSO piate are-
added 5 migh N6-(2-iséperteRyljadetine, .15 mg/ indoteatatic dcid-and'd.3 g/l Carbeniciliin], cultivated for 2 days, and
then trarisplanted on a SIMCS platé (to the SIMC plate’are added 50 mgh of kafiaffycin and 20'mgh of Rygromycin).
The plants were repeatedly trangplanted on a new SIMCS plate'ohce or twice per every week* == - 2 ° - - T -
‘When regeneration of shobt§ were observed-and the regererated‘plants were -equipfed -with' complete rosette
leaves of about 5 mm, the plant parts were €ut off fron’ the calliis, and lightiy-inserted onl a RIM plate’(0.5 mg/ indole-
acticacid is added to the MSO plate). Each of rooted plarits underwent final trafnsplanting ‘dnrock wool and cuttivation
in a liquid [Hyponecks (Hyponecks Japan) is diiuted 1000-fold with watér} to obtain T2 seeds. ~ 7= - o

(4) Detection of Tissue Specificity

The seeds obtained in (3) were sown on an MSKH plate (S0 mg/ kanamycin and 20 mg/l hygromycin are added to
the MSO plate) to seiect resistant stocks. The resistant stocks underwent final transplanting on rock wool and cuttivation
in a liquid [Hyponecks (Hyponecks Japan) is diluted 1000-fold with water]. . ,

A sample was collected by cutting off a portion of the ground part of plants that flowered and fiitiated silique forma-
tion, after about 30 days from the sowing. The cut plant sections were soaked in a fixed solution (20% paraformalde-
hyde, 0.1 M phosphate buffer, 1 mM EDTApH 7.0) at room temperature for 1 hoar; washed twice with 0.1 M phosphate
butter, and then soaked in a substrate soiitior [2 mM X-Gluic, 50 mM phosphaté bufter (5H-7.0), 0.5% Triton X-100, and
20% methanol]. After deaeration for 25 mihutesto facilitate fenetration of the substrate solution; the reaction was car-
ried out at 37°C for 1-3 days. After the reaction, the sample was wasHed with 70% ethanol, then observed by soaking
into 40% glycerol, and reserved. oY $om -

The results of‘the reaction indicated that a GUS-specific stain was not obseérved in wild-type plants as well as in
those transferred with pBI-H-101 whereas the stain was detected in all tissues of plartts transferred with pBI-H-121 (the
caulifiower mosait¢ virus 35S nromaoter) - ¢ T T T K C-

On the other hand, in plants transferred with pBVEG101 and pBVEG121 containing the azuki bean EXT garve pro-
moter. the GUS stain was observed at an elongation part of st m”at the tips of leave and silique, andat the tip of pistil,
indicating that these portions possessed a potent promoter activity. Of thesé resutts, the results on wild-fype, pBI-H-
121, and pBVEG101 were illustrated in Figure 10. ~ ST T
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Example13 . -- ..

Isolation of Azuki Bean EXT2 Gene Promoter by inverse PCRs with Hind 1li Nsp V, and Xba | Fragments of Azuki Bean
Genome DNA Used as Templates

One ng of the genome,DNA prepared from azuki bean leaves in the same manner as in Exarrple 5 placed in sep-.
arate tubes was completely digested with each of restriction enzymes Hind Ill, Nsp V, ahd Xba |, respectively, extracted_
once with the phenol/chloroform-sciution to deactivate the enzyme, and then underwent ethanol precipitation. The eth- ~
anol-precipitated DNA was mixed wrﬂ'1268 ul ofdxstllled water, 30 pl of a 10, x figation buffer solution, and 2 pl of T4 DNA
Ligase (TAKARA SHUZO Co., Ltd. ) and then’ underwem self-ligation by reaction at 16°C overnight. With 0.1 ug of the
obtained cyclic genome DNA usedas the tenplate PCR using, TakaRa LA PCR Kit (TAKARA SHUZO Co., Lid.) was
carried out by using primer. 1P4s-3 (SEQ IDNO31)asa sense primer and primer. IP44-5 (SEQ ID NO 32) as an ant- .
sense primer. Thnfeact:on was carried out by repeanng a cycie of 94°C (1 minute), 98°C (20 seconds), and 67°C (10
minutes) 30 times, finally followed by 72°C (10 minutes). After the reaction, 5 ! of the reaction solution underwent 1%
agarose gel electrophoresis, indicating that an about 6.0 kbp band was observed only in the sample digested with
restriction enzyme Hind lll. For gther san'ples any amplification was not observed in this reaction. Then, 1 ul eachofa
100-fold dilution of the sample digested with restriction enzyme Hind Ill and other reaction solution without dilution was

used as a template for. PCR that.was carried out in the same manner by using primer 1P44-2 (SEQ IDNO 33)as &
sense primer and primer . IP44-5 (SEQ ID NO 32)asan anhsense primer. After the reaction, 5 p! of the_ reacﬂon solution .
underwent analysns by 1%-agarose ggel electrophoreexs confirming that the ‘about 6.0 kbp band was very |mense and ‘
thus was amplified speorflwlly in the sample digested with restriction enzyme Hind 11l in the san'ple digested with ~

restriction enzyme Nsp V, a large number of seemingly nonspecific DNA fragments were amplified, with an about 1.2-
kbp band being likely a main band. In ihe sample digested with restriction enzyme Xba’ la large nurr'ber of seemingly

nonspecific DNA fragngen'as were an'plmed and thus |dentrhcatgon of the objective fragment was dlffncult Then, from the

sample digested with restriction enzymo Hind Wi, a DNA. fragment obtained i in the primary PCR was recovered from the

gel and subjected to end-blunting using DNA Blunting Kit (TAKARA SHUZO Co., Lid.), phosphorylahon of the PCR _

product using the 5-Terminal-Labeling Kit MEGALABEL™ (TAKARA SHUZO Co., Lid.) at the 5-terminus, and then
transfer into the Hinc I1 site of pUC118. The resulting plasmid was transformed into E. co/i JM109, but no colonies were
obtained.

Then, it was planned.that the restnchon map of the about 6.0-kbp PCR fragmem was prepared to define the pro-
moter region and then several fragmems were separated and subcioned.

First, an about 3.1 kbp band and an about 2.9 kbp band were separated by end-blunhng of thxs PCR fragment fol-
lowed by digestion with restriction enzyme Hind.lll. These DNA fragments were subjected together to ligation to the
Hind lll-Hing Ul siteof pUC118 and transformahon into E, coli JM 109, but onlya plasmld contamnng a fragment inserted

with the abaut 2.9 kbp DNA was. obtalned and that with the about 3.1 kbp DNA was not obtained. In addition, the results’

on PCR-using primer | 1P44-9 (SEQ ID NO 33) and M13 Primer M4 (TAKARA SHUZO Co., Lid. ) as well as on-PCR using
primer-IP44-6 (SEQ 1D NO 34).and-M13 Primer M4 (TAKARA SHUZO Co Ltd) revealed that amplrf:ca'aon occurred

only for primer |IP44-6 (SEQ ID NO 34) and M13. aner M4 and thatthe 2.9 kbp inserted. fragment contained a 3" -down- L

stream reglon of the azuki bean EXT2 gene whereas the 3.1 kbp. fragmem contained the. promoter region.
Figure 11 illustrates the restriction map . of the about 6.0 kbp PCR fragmentarmln‘led wnn pnmers IP44-3 and iPa4-

5. In the figure, the upper part in the restriction map corresponds 1o the nucleotlde sequence of primer |P44-5 and the .
- lower part corresponds to the: nucleotlde sequence of primer IP44-3

Next, because of the exrstence of two EcoR | sites on this about 6. 0 kbp fragment the | PCR fragmem was subjected
to end-blunting followed by dlgeshon wrth restnctnon enzymes Hmd il and EcoR Ito sepa;ate an about 0.4 kbp band,
an about 0.5 kbp band and an about 2.55 kbp band Since the rwtnc'hon map (Figure 11). indicates the existence of
promoter-regions at about 0.5 kbp and at 2,55 kop, each.of these bands’ was subjected to ligation to the EcoR I-Hinc I
site and the EcoR i-Hind lil-site of pUC1 18, followed by transformation into £ coli JM109. .

Of colonies thus obtained, 16 colonies from the ligation at the EcoR I-Hinc i site were screened by PCR using
primer 1P44-2-(SEQ ID NO 33) and M13 Primer M4 (TAKARA SHUZO Co., Ltd.), revealing that 7 colonies were pasitive.
Of these positive colonies, plasmids were extracted from 3 colonies and were named as pVX2P501 pVX2P503, and
PVX2PS50S5; respectively., 3

The nucleotide sequences of |nserted fragments oomamed in pVX2P501 pVX2P503 and pVX2PS505 were deter-
mined by subjecting each of pVX2P501, pVX2P503, and pVX2P505 to the sequence analysis of respective inserted
fragment portions according to the Sanger method using M13 Primer.M4.(TAKARA SHUZO Co., Ltd.) and M13 Primer
RV (TAKARA-SHUZO Co., Lid.). foliowed -by comprehenswe lnterpretatlon of there results. Comparison of these
seguences with the seguence (SEQ'ID NO 11) of the original azuki- bean EXT2 cDNA revealed that the overlapping por-
tions were-identical-and also 3 types of clones had the oon'pletely ldentrcal sequenoe

Forty six colonies.from the ligation-at the EcoR I-Hind Ill site were screenedby PCR usmg primer |P44-2 (SEQID

8
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NO 33) and M13 Primer M4 (TAKARA SHUZO Co., Ltd.), revealing that 27 colonies contained an about 2.6 kbp inseited
fragment.

Next, when this about 2.6 kbp fragment was digested with restriction enzyme Acc | (TAKARA SHUZG Co., Ltd), an
about 600 bp fragment appeared from 3 colonies and an about 500 bp fragment appeared fromn 12 colonies. Since the

aforementioned restriction map (Figure 11) indicates that an about 600 bp fragment appears from clones containing

promoter regions, plasmids were extracted from 3 posmve colonles angt were nameo as pEXTZpro(F)H
pEXT2pro(F)f2, and pEXT2pro(F)f3, respectrvely ' TR IR

The partial sequence dnalysis of each of pEXT: 2pro(F)f1, pEXT2pro(F)f2 %nd pERTZpro(F)f3 accordlnb 1o the
Sanger method using M13 Prirer Ma (TAKARA SHUZO Co., Lid) and M13 Primer BV (TAKARA SHUZO Co., Ltd.)
revealed that 3 types of clones hiad the completely idertical seqoence. Next, "horder‘to sequence the entire region of
the about 2.6 kbp inserted fragn'iem a Pst I'site adapter whlch was prepafedby usmg a synthetic ollgomer E/Psite (1)
(SEQ ID NO 35) and a syrnt\etlc oligomer ErPsite (2) (SEQ ID NO 36y ‘was ‘transferred info the ECBR' | site of

PEXT2pro(F)f3. This transfef allowed to transfer only the Pst l s?te at the snde ogposné to the EcoR ‘l %ne of

pEXTZpro(F)ls

Iy additiof, after compl’ete dlgeenon of this plasrhid with restnc’uorrenzy‘?‘nes?stl ﬁnd EcoR l‘Kllo-Sequence Dele-
tlon‘th (TAKARA SHUZO ‘ca, Ltd) was utlllzed to obﬁln clon% that Were deletelfbetween the EooFl 1 site and the
mserted fragr'qemSlde ~~" ‘k» v 32-;6:, 2L, T2 G N

Thé nucleotlde seguences of mserled fragmems contamed in p'EXT2pro‘?)73 de‘termlned by subjecting some
selected, deleted clones of agpropnate Ieng‘lhs to’ the sequence analys.ls‘cf‘r&epec‘h?e nderted fr‘agment portions
according 16 the’ Sangér method usmg M13’ Pru‘ner 4 (TAKARA -SHUZO Co, 1td*=) ardl\lre *aner RV (TAKARA'
SHUZO Co; Lid.), iollowec? by corhpréhensive |nterpretanbn of thére‘results. > ' ok

The fact that lhe nudeotlde sequénces of inserted fragmems ‘comtained in p\?XZPSOf pVX2P503 and pVX2P505 ~

are continuous ‘on the ‘ggnomeé with the hucleotide sequences of 1nserled”l?égments donfiined in pEXT2pro(F)f3 was -

cor'rhrmed by PCRs ar\d diredt sequenanq “of bounda'ry reglbns lhereof SEQ’?D NG in the' Sequénice Llstlngshons -
an about 3.0 kbp Sequence ln the prombter reguon upsfream from {hls azukf B&n‘EX"F?*N*‘lérmlnél amino ac'd"’

Tonmn S
sequence e ;-:,» RN SO T Az e TN e

Example 14

Isolation of Azuki Bean EXT3 Géhe Pidotar by Inverse‘PCRsvrith I-llru H\‘ Nsp\Fanthba ! Fragrrients of-Azulq Bean
Genome DNA Used as Templates . . o Ly

2T UG 2T L ot T Aane. n.ixf‘» (Sl

With 0.1 jig of the cyclic g’enome DNA prepared’ by compléte “digrestidn of &n aziki bean QEnbme DNA using
restriction enzymes Hlnd I, Nsp'V, and Xba |, lollowacfby stifligation, i the: Samé Mannér as dmibed in Exa?rple
13, used as the terrplate PCR uswlgTaKaRa Yy PCRKit: {TAKARA SHUZ20 CG&, 14d.) was lzrl'lecloul by usifg primer

1P45-3 (SEQ ID'NO 37) asa sense pnmer “and ;fp\ﬂer IP45 5 (SE'Q ID'NO 38)as an antrsense pnmer The reaction

was carried out by repeatlnﬁ a ‘&Cle of 94°C (1-minote), '98°C (20 se&dnds) and 67°€ o minutes) 30 times, finally
followed by 72°C (10 mrnute&) “Rtter thé teaction, S jif of ‘e reaction solution underwent 1% agarose gel electroptiore-
sis, lndlcatlng that an about 3 5 mp band was observed only in lhe sample dlgested with restriction ¢ enzyme Nsp-V. For
other san'ples any arrplrhcauon was not obsérded in'this reaction. Then, 1 ju-eath of a 1D0-fok] dilution of the sample

digested with réstriction enzymé'Nsp V ahd other réactiort sofuttion withor dilution was used &s-a tempiaté for PCRthat’

was carried out in the same manner by using primer | IP45 2 (SEQ D-NO 39) as'#r'senge priner and primer 1P45-6 (3EQ
ID NO 40) as an antisense priter. Aftel’ the' reac:tloh 5 ul of the reaction solutioh-underwent Snalysis by 1% agarose
gel electrophorws conﬁrmlng that the abouts.§’ kbp bard was very intense and thus was ampiified $pecifically in the
sample digested with restriction enzyme Nsp V Mthe sample digested with ‘restriction enzyrne Hind 1lI; a large number
of seemingly nonspecific DNA fragments were armﬁﬁed and thus 1dentrflcal|on—of the objectlve fragment-was difficutt.
Furthermore, in the sanple digested wlth restnchon enzyme Xba 1, two mam bands of ibout 4.5 kbb and “about’a 5 kbp
were identified. - ' . -

Then from the sarrpl’e dlgested With restriction enzyme Nsp V,an y about 4. 5-lbp DNA fragment obtaiféd in the pri-
mary PCR was recovered from the gel dnd siibjected to end-blunting using: DNA Blunting Kit (TAKARA SHUZO Co.,
Ltd.), phosphorylation of the PCR product using the 5-Term|nal Labehng Kit MEGALABEL™ (TAKARA SHUZO C&
I_lU ) al UIe 3 -ter nllﬂu& dll] tnen Udns"el’ ImO me r-unc ll SII('_' OY pUU l I‘b I lle lesumng pldbll’“ﬂ Wﬂs Uansmrmwlmo C
coli JM109. ~ : - - ) - D :

Of colonies obtained. 46 colonies were screened by PCR using primer: IP45-2 (SEQ IDNO 39) and M13Prrmer Me
(TAKARA SHUZO Co., Lid). revealing that 3 colonies wefe positive. Of thesé positive- colorues plasmlds were

extracted from 3 colonies and were named as pVX3P206 pVX3P234, and pVX3P237, “respécively. ° LT
Each of pVX3P2086, pVX3P234, and pVX3P23f was ‘subjected to the sequence analysis of the both lermrnal por-

tions of respective, inserted fragments ‘according to'the ‘Sanger method using M13 Primer M4 (TAKARA SHUZO Co.,
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Ltd.) and M13 Primer RV (TAKARA SHUZO Co., Lid.). The results indicated that these sequences contained the prim-

ers used in the PCR and comparison of these sequences with the sequence (SEQ ID NO 12) of the original azuki bean" B

EXT3 cDNA revealed that the overlapping. por'aons were identical. Also, 3 types of clones had the completely ldentu_::al
sequence in the range analy7ed

When this fragment was completely di gasted wrth restriction enzyme Nsp V, the about 4.0 kbp band was separated '

into two bands of about Q.5 kbp and about 3.5 kbp. Then, PCR method was used to rdenbfywhroh ofthetwo bands of
about 0.5 kbp and about 3.5 kbp contained the promoter region. The re$ults revealed that the about 0.5 kbp band was
the DNA fragment containing the promoter region, .
Then, it was planned that the two main bands of about 4.5 kbp and about3.5 kbp obtained by the seoondary PCR
of the sample digested with restriction enzyme Xba |, were used to clone the 5-upstream of said promoteér region.
‘When these DNA fragments were completely drgested with. restnctlon enzyme Nsp V, the ‘about 4.5 kbp band was
separated rntotwobandsofabomosmpandabout40l¢>p Oon the ‘other hand, theabout35kbpbandwas not

digested with restnctron enzyme Nsp V. Acoordmgly, the abou“t 4.5 kbp band. was oonsrdered 1o comaln the promoter '

region.

Then, the restriction map of the about 4 5 kbp DNA fragment was prepared by drgestlon of the about 45 kbp DNA

fragment with restriction enzymes Nsp V.and Xba |, followed by double digestion with restriction enzymes Nsp V-Xba l.
Figure.12 illustrates the restriction map of the about 4 5 kbp fragment an'phfled with primers, 1P45-3 and IP45-5. In

the figure, the upper part in the. restriction map oorrespo,nds to the nuoleo'ade sequenee of pnmer 1P4S- 5 and the lower' o

part corresponds to the nucleotrde sequence of pnmer IP45-3, -

As a result it was revealed that the about 3.0 kop DNA fragment of Nsp V- Xba | was the 5' upsfream of‘ the pro- A ,

moter regron

Then, the 3.0 kbp- DNA fragment.formed by double drges'aon of the about ‘a. 5 kbp DNA fragment wrth ‘restriction ]
enzymes Nsp V-Xba | vras reoovered from the gel and transferred into the )Q)a I- Acc I site oipBIueserlpt SK ) (Strat- .

agene)..The resultlng plasmld was trar;.sformed into E “coli. JM109

Of the obtained colopies, 7 colomes were soreened by PCR using M13 aner M4 (TAKARA SHUZO Co Ltd.) and .

M13 Primer RV (TAKARA SHUZO Co., Lid.), revealing that 6 colonies Gontained the about 8.0 kbp mserted fragment

Plasmids were. ex'aracted from these. 6 oolomes and named as p\7X3P101 pVX3P103 Y';::VX3P104 pVX3P105'\‘

pVX3P106, and pVX3P107 respectrvely

Of these plasmids, each of pVX3P101, pvVX3P103, pVX3P104 and pVX3P1o7 were srblected o the partral
sequence aralysis of the nucleotide sequence of respectrve inserted fragment portron aocordrng to the Sanger method
using M13 Primer M4 (TAKARA SHUZO Co., Ltd.) and M13 Prjmer RV (TAKARA SHUZO Co.. Ltd) revealing that 4
types of clones had the completely identical sequence Next, in ordér to- sequence t the entlre regron of the about 3.0 kbp
inserted fragment after oonplete dlgestton of pVX3P107 with restriction enzymes Kpn 1 (‘TAKARA SHUZO Co., Ltd.)
and Xho | (TAKARA SHUZO Co., Ltd.), K'lo-Sequence Deletion Kit (TAKARA SHUZO Co., Ltd.) was utilized to obtain

clones that.were. deleted between the Xho.l site and the mserted fragment side. The nucleoude sequences of inserted ~

fragments contarned in pVX3P107 were determrned by sub;eqtmg some selected, deleted clones of appropriate Iengths
to the sequence analysls of respectrve inserted fragmentporflons aecordlng to the' Sanger method using M13 Primer.
M4 (TAKARA SHUZO Co., Ltd.) and M13 Primer RV (TAKARA SHUZO Co,, Ltd.), followed by comprehensive interpre-
tation of there results. The fact that the nucleotide sequences of inserted fragments contained in pVX3P206,
pVX3P234, and pVX3P237 are continuous on the genome with the nucleotide sequences of inserted fragments con-
tained in pVX3PF 107 was confirmed by | PCRs and direct sequenclng of boundary regians thereof. SEQ 1D NO 4 in the
Sequence Llstmg shows an about 3.4 kbp sequence in the promoter fegion upstream from the thus-obtamed azuki
bean EXT3 N-terminal amino acid sequence.

YRR st [ P

Exarrxole15'__‘ t._-. T .
Isolation of Azukr Bean XRP1 Gene Promoter by |nverse PCRs wrth Hlnd i, Nsp V and Xba 1 Fragments of Azuki Bean
Genome DNA Used as Templates . S .

’ t

With 0 1 1o of the cycllc genome DNA prepared by oomplete drgestron of an_ azuki bean genome DNA usmg
restriction enzymes Hind 11, Nsp V, and Xba. I, followed by self-llgatron in the 'sams manner as described in Example
13, used. as the.template, PCR using TakaRa LA PCR Kit (TAKARA SHUZO Co., Lid.) was carried out by ysing primer
IPM6-3 (SEQ ID NO 41) as a sense primer and primer IPM6-4 (SEQ 1D NO 42) as an antisense primer.

.1]18 reaction was carned out by repeating a cycle of 94°C (1 mmute) 98°C (20 seconds), and 67°C (16 minutes) ,

30 times, finally- followed by.72°C (10 mmutes) After the reaction. 5 ul of the reactuon solutron underwent 1% agarose
gel electrophoresrs, rndlwtrng that any amplification was not observed. .

Tben 1 of the reaction solution was used as a template for PCR that was carried out in the same manner by
usmg pnmer IRM6-2 (SEQ IDNO.43) as a sense primer and primer IPMG-S (SEQID NO 44) as an antisense primer.
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After the reaction, S pl of the reaction solution underwent analysis by 1% agarose ge! electrophoresis, confirming that
in the sample digested with restriction enzyme Hind 11l and Nsp V, a large number of seemingly nonspecific DNA frag-
ments were amplified and thus identification of the objective fragment was difficult. Furthermore, in the sample digested
with restriction enzyme Xba |, two main bands of about 2.5 kbp and about 0.6 kbp were identifiéd. '

“Then, from the sample digested with estriction enzyme Xba |, two DNA fragments of about 2.5 kop-and about 0.6
kbp ohtained in the secondary PCR were récovered from the gel arid subjected to end-blunting using DNA Blunting Kit
(TAKARA SHUZO Co., Ltd.), phosphorylation of the PCR product usirig the 5=Terminal-Labeling Kit MEGALABEL™
(TAKARA SHUZO Co., Lid.) at the 5'-terminus, and then transfer into the Hinc |l Site of pUC118. The resulting plasmid
was fransformed into E. coli JM109. ) A ' Seeo e

Of each group of colonies obtained, 6 coldnies were respectively scfeenéd b PCR using M13 Primer M4 (TAKARA
SHUZO Co., Ltd,) and M13 Primer RV (TAKARA SHUZO Ca., Lxd.)*,y@#hb%m 5 colohies were positive from the
about 2.5 kbp Band and 3'colonies weréfpo;siﬁve}rom the abdut 0.6 [g)p‘ﬁand: P1asmiids were extracted from these pos-
itive colonies. The piasmids from the about 2.5 kbp band were nameéd as pXRG301, pXRG302, pXRG303, pXRG304,
and pXRG305, respectively. Also, the plasmids from the about 0.6 kpp band were named as pXRG403, pXRG404, and
pXRG}AOG,'r&sp'ectl\{ellyk <-- -u-:_* '-'“ 5"*~" '-{5 :‘F_ . - .,'\,J‘(..‘:".‘r 4‘»”\..‘. AR
Complete digestion of pXRGE01, pXAG302, pXRG308, RXRG304, And pXRG30S With both restriction enzymes

EcoR 1.and Sph | (TAKARA SHUZO Co., Lid.) fevedled, thal only thrée plasiids from pXRG302, pXRG303, and
pXFG304 had an about 2.5 Kop inseried fragment. Furtherimore,  complete digéstion” of ‘pXRG301, pXRA302,

pXRG303, pXRG304, pPXBG3PS, pXRG403, pxRG4rq4,_arg<T_pXBB§0§ witH réstriction’ enzymé’Xba | resulted in deav-
age at one site in thé inserted fragment other than one ite T thd vector 'to 18rmt arrabodif 1:1'kbp band, whereas
pXRG403, pXRG404, and pXRG406 were cleaved oply at the site existing in the vector. These results suggested that

PXRG301. pXRG302, pXBG303. pXRGI04: and pXRG3TS cpntained the Cbjective'aiziki Bsdn XRP1 promoter region.
Each of pXRG301, pXRG302, pXRG303; and pXRG304 was subjected 1o the seqiiente andlysis of the both termi-

nal portions of respectjve, inserted fragments according tG thie Sanger method using M13Pimef M4 (TAKARA SHUZO
Co.. Ud.) and M13 Primér RV (TAKARA SHUZO Co;, L), The¥estits’ indicated thatt fHi sequefites of pXRG302 and
pXRG303 contaified the primers used in the PCR'and combatison &f tHdse sequences with the sdquence (SEQID'NO
14) of the original azuki bean XRP T cDNA revealed that thes dvérlapping portions We?etdén?i&al Also, 2 types of clones
had the completely identical sequence. . . . e e L TEE T

Figure 13 lllustiaés the resfriction map of the about 2.5'kbp fragment amglifitd With primers 1PM6-2 and IPM6-5.
In thié figure, the upper part in. the. restriction map cotréspprids 14 thé niiclebtidfe sequence of primer IPME-5 and the *
lower part corresponds to the riticleotide sequence of primer PMe-2° - A TR SRAAAT -

The nuclectide sequencé of an azuid bean XRP1 promoter regionof about 1 21 Rbp'if Serted-ffagments contained
in pXRG302 was détermined by. the séquence ‘analy&s of respective, ‘srted dragmerit’ portions according to the
Sanger. method using M13 Primer Ma TTAKARA SHUZO Cd.; Eid.y and M18 Primer RV (TAKARA SHUZO Co., Ltd),
followed by further analysis of"a piimer synthiesized '6n the basis of the sequericeri the inSerted fragments and com-
prehensive intefpretation of theré Tesults. SEQ ID NO 5 in e Sequence Listing'shws an abdut 1.1'Kop sequence in-
the promoter region upstream from this azuki beah XRP 1:N-términal amino acid sequence.” ST T

S sioL Ty It T e S A - ' I ' i 4'1'!.: V'v ez -
Exarlrple1§ . o oot Ab e e s
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Isolation o1 Tomato Gené Promioter by Inversé PCRS with Eco 1. Hind Iit, Nsp V, and Xpa | Fragments of Tomato

Genome DNA Used'as Templates ~~ ~ " '~

R ¥ - N

Seeds of Lycopersicon esculentum cv. Ponterosa (TAKII SEED Co., Lid.) were germinated and then cultivated for
about one month to obtain about 10 g of leaves and stems. About 2.5 g of these leaves and stems were pulverized in
a mortar in the presence of liquid nitrogen to prepare a white powder. The resulting leave and stem powder was imme-
diately placed in a 50 mi polystyrene tibe 4hd extracted with 10 ml of a urea-phenol DNA extraction buffer Salution [0.05
M Tris-HCI (pH: 7.6), 0.02 M EDTA, 5% phenol, 8 M urea, 0.35 M NaCl, and 2% sodiumlauroylsarcosinate] mixed with
25% SDS at 65°C for 1 hour. The extract was mixed with a 2-fold volume of a phenol-chioroform-isoamy! alcohol
(25:24:1) mixture, stifred gently for about 15 minutes, and then'centritugied at 2000 Tpm for 15 minutes. After the cen-
trifugation, the supernatant was traﬁsferrgd_ into a new tube, again mixed with a 2-fold volime of a pheriol-chioroform-
1soamyi aiconoi (25:24:1) mixture, Strred gentiy for about i5 minuies, and iien certiriiuged ai 2000 rpm for i3 minies.
The supernatant after this centrifugation was trarfsterred into a new tube, mixed with a 2-fold'volume of -ethariol, ‘aind
stirred gently. Then, the precipitated, White genome DNA was coiled out by using a Pasteur pipet and transferred fito a
new tube. To this tube was added 1.5 miof‘a TE buffer solution [10 mM Tri§-HCI {pH: 8.0) and FmM EDTA} and the
resulting mixture was kept at 55°C overnight to dissolve the DNA. Analysis of 1 ulof a sample, prepared by diluting &f
this DNA solution 10-fold, by 0.4% dgarose gel electrophoresis reveated that the solution Coniained a high moléCular
DNA at a concentration of about 100 ng/ul. i oth r words, ‘about 50 pg-6f the genomic DNA was obtained from about



10

15

20

25

30

35

45

50

EP 0818 532 A1

2.5 g of the plant portions.

One g of this genomic DNA was taken in separate tubes and subjected to complete dlges’aon using restrrcbon N

enzymes EcoR |, Hind Hll, Nsp V, and Xba |, respectively, followed by self-ligation, in the same manner as described in
Example 13. With 0.1 ng of the thus-prepared cyclic genomic DNA used as the template, PCR using TaKaRa LA PCR

Kit (TAKARA SHUZO Co., Lid.) was carried out by using primer IPLE-3 (SEQ ID NO 45) as a sense primer and primer -
IPLE-4 (SEQ ID NO 46).as an antisense primer. The reaction was carried out by, repeating a cycle of 94°C (1 mlnute) o

98°C (20 seconds), and 67°C (10 mmutes) 30.times, fmally followed by 72°C (10 minutes). After the reaction, 5 pl of the
reaction solution underwent 1%aganose gel-electrophoresis, indicating that an about 6.6-kbp band was observed in the

sample digested with restriction enzymes Hind ill and Xbal _For othér samples, gny amplification was not gbserved in.

this reaction. Then, with 1 ul of the reaction. solution, obtalned from the sample digested with restriction enzyme Xba 1,
used as the template, secondary | PCR usmg TaKaRa LA PCR Kit (TAKARA SHUZO Co., Ltd.) was carried out by using

primer IPLE-2 (SEQ ID NO 47)asa ‘sense primer and primer IPLE-5 (SEQ ID NO 48) gs an antisense primer. The reac-

tion was carried out under the same conditions as described above by repeating the cycle 10 times. After the reaction,
the obtained DNA fragments were recovered from the gel and then transferred into pT78Blue T-Vector (Novagen). The
resulting plasmids were transformed into £. coli JM108.

Of the obtained colonies, 12 colonies were screened by PCR using TaKaRa LA PCR Kit (TAKARA SHUZO Cao.,

Ltd.) was carried out by using primer IPLE-1 (SEQ.ID NO 49) and primer IPLE-6 (SEQ ID NO 50),-indicating that.6 col-

onies were positive. Plasmids were extracted from these 6 colonies and named as pLXG101 pLXG102 pLXG1 03,

pLXG106, pLXG109, and pLXG 110, respectively.
Each of pLXG101, pLXG102, and pLXG106 was subjected to the sequence analysis. of respective, inserted frag-

ments according.to the Sanger method using M13 Primer M4 (TAKARA SHUZO Qo. Ltd) and M13 Primer RV .

(TAKARA SHUZO.Co., Ltd) Wt -
Comparison of these sequences wrth the sequence [EP-0562836 A1 Q 993)] of the onglnal tomato EXT cDNA

revealed that the overlapping portrons were identical. However, 2 to 3 base substl,'rutron was detected within the

sequenced range. lt was conceived that this substrtutlon involved a mistake induced by thenested PCR in the polymer-

ase reaction. Accordlngly, after the promoter region in one ofthe 6 plasmlds was sequenced a prlmer was synthesized’

and other clones were also sequenced thereby mfemng the sequence on the actual, genome, s

Figure 14. l'ustrates the restriction map.of the about 6.6 kbp.inserted fragment amplmed wrth pnmers IPLE-2 and ' .
IPLE-S. in the frgure the upper part in the restnctlon map corresponds to the nucleptlde sequence of pnmer IP LE-5and.

the lower part corresponds to the nuci eo'ade sequence of primer IPLE2. ..
Moreover, complete drgestlon of pLXG101 pIXG102, pLXG103, pLXG 106, pLXG109 and pLXG1 10 wrth restric-

tion enzyme Xba 1, followed by agarose electrophoresis, revealed formation of two bands around about 4.9 kpb for .
pLXG101, pLXG102, pLXG103,.and pLXG110.as well as two bands at about 8.1 kbp and.at.about 1.7 kbp for pLXG106 ‘7
and pLXG109. Thls observatron rndrcated that PCR-amplified DNA fragments were mserted in the reverse directions ..

for three. plasmrds of pLXG101, pLXG1 02, pLXG103 and pLXG110.and for two plasmlds of pLXG1 06 and pLXG109.

in addition, it was revealed from the results on PCR using TaKaRa LA PCR Kit (TAKABA SHUZO .Co., Ltd.), which was - ‘

carried out, with these plasmrds used as templates by using M13 aner M4 (‘I:AKARA SHUZO Co., Lid)) and primer

IPLE-1 (SEQ ID NO 49), that the about 4.9 kbp DNA fragment oontamed the tomato EXT gene promoter region, among -

the DNA fragments of . about 4.9 kbp and about 1.7 kbp which were separated upon complete digestion of the rnserted
fragment with restriction,enzyme Xba I. - ..

Then, pLXG106 was subjected to complete drgestron wrth restnctron enzyme Xba I follcwed by ethanol precrplta-
tion. The ethanol-preclpltated DNA was-mixed with 268 ul of distilled water, 30 pl of a 10-x ligation bufter soluuon and .
3 ul of TADNA Ligase (TAKARA SHUZOCo Lid )—and then underwent self-ligation by reaction at 16°C overnrght The .

resulting plasmids were transformed into £. coli SM109. . .- .-

Of the obtamed colonles plasmids were extracted from 4 colorues and named as pLXG601, pLXG602 pLXGsoa

and pLXG604, respectively. Double digestion of these pLXG601, pLXGSOZ pLXG603 .and pLXG604 with restriction
enzymes EcoR I-Pst |, followed-by agarose electrophoresrs, revealed that the abou‘t 4.9 kbp inserted fragment existed
in all of these plasmids. RN -

Furthermore, since the above-menhoned restnct:on map (Frgure 14) has mdrcated the existence of one Hind !l site .

in the.about 4.9 kbp inserted fragment, pLXG 106 was subjected to complete digestion with restriction enzyme Hind IlI,
followed .by. addition of 268 ul of distilled water, 30 pl of a 10x ligation buffer solution, and 3 ul of TADNA Ligase
(TAKARA SHUZQ Co.,, Ltd)) to the ethanol-precipitated DNA and then seltllgatron by reaction at 16°C overnight. The
resufting plasmrds were transformed into £. coliJM108. -
pLXPJOG. pLXP109 and pLXP111 respectrvely Double drgestron of these pLXP101 pLXP102 pLXP103 pLXP106
pLXP109, and pLXP1 1 with restriction enzymes EcoR I-Pst |, -followed by agarose electrophoresrs revealed that the
about 1.4-kbp-inserted fragment existed in all of these plasmids.. .- - -~

p}_XP101 was subjected to the sequence analysis .of the nucleotrde sequence of the mserted fragment portion

32 A-
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according to the Sanger method using M13 Primer M4 (TAKARA SHUZO Co., Ltd.) and M13 Primer RV (TAKARA
SHUZO Co., Lid.). : .

Next, in order to sequence the entire region of the about 1.4-kbp-inserted fragment in pLXP101, after complete
digestion of pLXP101 with restriction enzymes Kpn | and BamH |, Kilo-Séquence De}eﬁp'r'_\ Kit (TAKARA SHUZO Co.,
Ltd.) was utilized to obtain clones that were deleted between the BamH | site é;nd the msérfég fragnvént side. The nucle-
otide sequences of inserted fragments contained:in pLXP101 were determined by subjefting somie Selected, defetéd
clones of appropriate lengths to the ‘Sequence analysis of respective, inserted fragment portions’ according to the
Sanger method using M13 Primer M4 (TAKARA SHUZO Co., Lid.) and M13 Primér RV (TAKARA SHUZO Co., Lid),
followed by comprehensive interpretation of there results. In addition, the ‘about 1.4 kbp promioter region i pLX@102
and pLXG103, using the primers syqthestzéd orf the basis of thé ructeotide’ Sequence of the pLXP101:ihserted frag-
ment, was sequenced and compared;thereby ‘inferring the sequence for ‘the- about 1.4 Kbp promoter region in the
upstream from the tomato EXT gene Nterrhinal amifio acid sequence. This sbquenicé is'shown in SEQ'ID NO 61n the
sequence Usﬁng . JE I PN . Y SR e Tz 5T ITET N o ale 2 T
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Isolation of Tobacco EXT Gene Promioterby Inverse PCRs wittFECOR I Hind TH, Nsp V, dnd Xba { Fragments 6f Tobacco
: : L Smie. . Rgm C oG W Law wTEW Tl I MR I0G

Genome DNA Used as Templates - N

TARLIF DI RS SO P R

About 150 mg of the tobatcé BY2 culture celfs (caltus) was pulverizéd in-&'mdrtarto-d Powder, which was mixed
with 0.5 ml of an exttaction solufion {15% sucrosé, 50 mM Trs:HCI(pH 8.0)*and-50° inM EDTA); transfetrbd:into an
Eppendort tube, and centrifuged at 500 rpm for 1 minute, “The precipitate was dissolved in 300 ‘ﬂ”éf 2T-1E-[20' mM Tris-
HCI (pH 8.0) and 10 mM EDTA), miixed with 40 u of 10% SDS; shaken sfowly, and then tréated at’70°C for 15 mintes.
The resulting solution; was mixed With 225l of 5 M armmnium acetate, sfired,'placed o ice {67 30 miinutes, and cén-’
trifuged at 15000 rpm fof 15 miriutes. After centriftigation, the supématant was transferred Intd ahew tiibe, mixed with
0.7 m2 of isopropanol, stiréd-ailowed to stand at robi témperature 107 15 thiniités, and cefitrifuged at 15000 rpm for
15 minutes. After the supermtant was removed, the résidue was mixad with- ice-cold 80% Btharnof and céhtrifuged at
15000 Tpm for 15 minutes. The piécipitate was dried and mixed with 100 ul ot a TE biffér solution {10 mM THs-HCI (pH:
8.0) and 1'mM EDTA}, anid therésitting mixturt wes kept at 4°C ovnigtit to Hissoivé the DNA: Ardlysis ‘of 5 i bf the
DNA solution by 0.4% agarose gel electrophoresis revealed that the soffition contairied 4 high ‘mélécular DNA &t a‘con-
centration of about 100 g/l I other words, abdut 1;O'pg'of&r‘e genomic-DNA wais obtairied from about 150 mg &f the
callus. RS AR T I I WA N SN A AR LR I A N

One pg of this genomic DNA was taken in Sepdrate tubes and'subjicted to complete ‘digéstion ‘using restriction
enzymes EcoR 1, Hind Ill, Nsp V,'and Xba I respectivély, followed by setf-figation, in‘the same mahnér &s described in
Example 13. With 0.1 ug of the thus-prepared Eyé:ﬁfc’genop’e‘BNAiJseE as’

the template, PCR using TakaR& LA PCR
Kit (TAKARA SHUZO Cb.; Ltd.) was carried out by usingrprimer IPTE-3 (SEQ ID NO'51) as a'sensé primer and primer
IPTE-4 (SEQ ID NO 52) as an antisense primer. The reaction was carried out by repéditinga cycle of 94°C (1'minute),
98°C (20 seconds), and 67°C'(10 minutés) 30 times; fin&lly foliowed by 72°C {10 minutes). Atter thfe reaction; 5'pl of the
reaction solution underwert 1% agarose gel electrophoresis, indicating that ar about 1.2 kbp pand-wds ofiserved in the -
sample digested with restriction enzyme Xba |. For other samples, any amplification was not observed in this reaction. -
Then,'with t 4ii of the above réactiont solution; obtaified fror the sample digestad with réstriction enzyme Xba|, Used
as the template, secondary PCR using TakaRa LA PCR Kit {TARARA"SHUZJ G Ltd.) was’ carried out by using
primer IPTE-2 (SEQ ID NO 53y as a sense prither and primer IPTE-5 (SEQ 1D NO-54) as an dntiserise pfirer. The reac-
tion was carried out under the same conditions as described above: As'a result, a DNA fragment of ‘abtiuit 1.1°kbp was
amplified. The DNA fragments obtained by the secondary PCR were recovéred from the gél and then transferred into
pT7Blue T-Vector (Novagen). The resulting plasmids were transformed into Nova Blue Competent Cells (Novagen).
Of the obtained colonies, 12 colonies were scréened by PCRusing primer- [PTE-1.(SEQ ID-NO §5) and primer
IPTE-6 (SEQ ID NO 56), indicating that all 12 colonies were positive. Of therm, plasmids were extracted from 6 colonies
and named as pNXG101, pNXQ102, pNXG103, pNXG104, pNXG 105 and pNXG106, respectively. - 7 -
Each of pNXG102, pNXG103, and pNXG104 was stbjected to the sequence analysis of respectivé, inserted frag-
ments according 1o the Sanger method using M13 Primer M# (TAKARA SHUZO Co.. Lfd) and M13 Primér RV
(TAKARA SHUZO Co., Ltd.). Comparison of these sequencés wth trie sequence (JF 7-75778 A) ui ihe wriginal io0asss
EXT cDNA revealed that the overlapping portions were completely identical. A A TR
Figure 15 illustrates the restriction map-of the about 1:1 kbp insertéd tragment-amplified with primets IPTE-Z and
IPTE-5. In the figure, the upper part in the restriction map corresponds to the nucleotide sequence of primer TPTE-5 ana
the lower part corresponds to the nucleotide $equefice of primer IPTE-2. - ST SRR
Moreover, complete digestion of pNXG101, pNXG102, pNXG103, pNXG104, pNXG10S,- and pNXG106 with
restriction enzyme Xba |, folowed by agarosé electrophoresis, revealed formation of two bands at about 31 kbp and-&t

’ Wt R



10

15

20

25

30

35

50

55

EP 0 818-532 A1

about 0.9 kbp for pNXG101- as well as two bands at about 3.8 kbp and at about 0.2 kbp for pNXG102 PNXG103, .
pNXG104, pNXG10S5, and pNXG106. This observation indicated that the EXT was inserted in the reverse directions for
pNXG101 and for pNXG102, pNXG103, pNXG104,-pNXG105, and pNXG106. In addition, it was revealed from the
results on PCR, ‘which was carried out, with these plasmids used as templates, by using M13 Primer M4 (TAKARA
SHUZO Co,, Lid.) and primer IP1E-1 (SEQ ID NQ 55) or primer IPTE-6 (SEQ 1D NO 56), that the about 0.9 kbp DNA
fragment oontamed the tobacco EXT gene promoter region, among the DNA fragments of about 0.9 kip and about 0. 2
kbp which were separated upon complete digestion of the inserted fragment with restriction enzyme Xba l. -

Then, pNXG103 was subiected to complete digestion ‘with restriction enzyme Hind 1II, followed by ethanol pfeClP"
tation..The ethanol-precrprtated DNA was mixed with 268 ul of distilled water, 30 pl of a 10x lrgatron butfer solution, and
3 ul of T4 DNA Ligase (TAKARA SHUZO Co Ltd.)-and then underwent self-lrgatron by reaction at 16°C overnight. The
resulting plasmicts were transformed irto.E. coli. JM109. Piasmids were extracted from 3 colonies and named.as pT-
EXT-4, pT-EXT-5, and pT-EXT-6,- respectwely Double digestion.of these pT-EXT-4, pT-EXT-5, and pT-EXT-6 with.restric-
tion enzymes Hind -lll-EcoR J.,tollowed by agarose electrophor,esrs revealed that the about 0.4 kbp inserted fragmem
existed in al! of these plasmlds Jhese pT-EXT-4, pT-EXT-5, and pT- “EXT-6 were subjected to the sequence analysrsof
the nucleotide sequence of the. rnsened fragment portion according to. the Sanger method using M13 Primer M4
{TAKARA SHUZO Co., Ltd.) and T7 Promoter Primer (Novagen).

Furthermore, pNXG102 was con‘pletely digested with restriction .enzymes Hrnd 1) and Xba l and an apout 0.5 kbp
band was cut out by agarose gel electrophoresis for purification. .

Next, this DNA fragment was ligated to the molecule obtained by double dlgestlon of pUC1 8(TAKARA SHUZO Co,
Ltd.) with restricticn enzymes Hind HI-Xba |. The. resulting plasmrds were transformed into_E. coI; JM109, .

Of the obmlned colonies, plasmids were extracted from 3 colonies and named as pT-EXT-1 pTEX]‘ -2, and pT-EXT-
3, respectrvely ‘Double dlgestren of these pT-EXT-1, pT- EXT2 and pT-EXT-3 with restriction ‘enzymes Hind lll-EcoR |,
followed by agarose electrophoresrs revealed that the about 0.5 kbp inserted fragment exrsted in all of these plasmids.

These pT-EXT-1, pT-EXT-2, and pT-EXT-3 were subjected to the sequence analysrs of the nuoleot:de sequence of
the inserted fragment portion acoordrng to the Sanger method usrng M13 Primer M4 (TAKARA SHUZO Co., L1d)) and
M13 Primer RV (TAKARA SHUZQ Co., Ltd). - . = - . RSO .-

On the basis of con'prehenswe rnterpreta'aon of there results, the enhre nucleobde sequence m the promoter
region upstream from this tobacco EXT N-terminal amino acrd sequence was determined. This sequence isshownby
SEQIDNO?mtheSequenceLrstmg T L . .

a3

.. ~ PR e R . RN S, LT

Examplela o SRR -

Isolatron of Wheat Gene Promot,er by lnverse PGRs wrth EcoR 1, Hmd i, Nsp V and Xba lFragments of Wheat
Genome DNA Used asTemplates -~ - . .=+ - 1 . - e

- . - . o

One pg of a wheat genome DNA {Clontech) was mken m separate tubee and subjected to complete drgestron usrng
restriction enzymes EcoR 1, Hind lll Nsp V, and Xba |, respectrvely. followed by self-lrgatron in the same manner as
described in Example 13. with 0.1 ug of the thus-prepared cyclic genome DNA used. as | the template, ‘PCR using
TaKaRa LA PCR Kit (TAKARA SHUZO .Co.; Lid:) was carried out by using primer KOM 1 (SEQ ID NO 57) as a sense
primer and primer KOM-4 (SEQ:ID NO 58) as an antisense primer in the reaction system with a total volume of 50 pl.
The reaction was. carried- out by.repsating a cycle of 94°C {1 minute), 98°C (20 seconds), and 67°C (10 minutes) 30
times, frnally followed by 72°C (10 minutes). After the reaction, 5 ul of the reaction solution underwent 1% agarose gel
electrophoresis, indicating thatan about 4.3 kbp band and an about 3.5 kbp band were observed in the sample digested
with restriction-enzyme_ Hind 41l. Also, an-about 5.0 kbp band was observed .in the san'ple digested with restriction
enzyme Nsp V. For other sarmles, any amplification was not observed in this reaohon

Then, with 1 pl of the primary PCR reaction solution, obtained from the sample digested with restriction enzyme
Hind 1lI, used as the template, nested PCR using TaKaRa LA PCR Kit (TAKARA SHUZO Co., Ltd.) was camied out by
using primer KOM-2 (SEQ ID NO 59) as a sense primer and primer KOM-5 (SEQ 1D NO 60) as an antisense primer in
the reaction system with a total volume of 50 ul. The reaction was carried out by repeating a cycle of 94°C {1 minute),
98°C (20 seconds), and 67°C (10 minutes) 30 times, finally followed by 72°C (10 minutes). After the reaction, 5 pl of the
reaction solution underwent 1% agarose gel electrophoresis, indicating that only an about 3.3 kbp band was observed.
Then, the resulting DNA fragment was recovered from the gel and subjected to end-blunting using DNA Blunting Kit
(TAKARA SHUZO Co., Ltd.), phosphorylation of the PCR product using the 5'-Terminal-Labeling Kit MEGALABEL™
(TAKARA SHUZO Co.. Lid.) atthe S-terminus.-and then transfer into.the Hing, !l site of pUC119 (TAKARA SHUZO Co.,
Ltd.)..The | resultrng plasmid was transtormed into £. coli JM109. . . . - -

Oft.the obtainad colonies, 15 colonies were screened for plasmlds contarnrng mserted fragments of appropnate .
lengths-by oolony-prckmg PCR using M13 Primer M4 (TAKARA:SHUZO Co., Lid.) and M13 Primer RV (TAKARA
SHUZQ Co., LKd.), indicating that 8 out of 15 colonies were positive. Ot them, plasmids were extracted from these € col- .
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onies and named as pKOM -1, pKOM-2, pKOM-3, pKOM-4, pKOM-5, and pKOM-6, nespectlvely

Each of pKOM -1, pKOM-2, pKOM-3, pKOM-4, pKOM-5, and pKOM-S was subjected to the saquence analysns of
the both termini of respective, inserted fragments according to the Sarigér method using M13 Primer M4 (TAKARA
SHUZO Co., Ltd.) and M13 Primer RV (TAKARA SHUZO Co., Lid. ). Comparisori of thesesequences with the sequence
[EP-0562836 A1 (1993)] of the original wheat EXT cDNA revealed that the ovedappmg partions were conpletely iden-
tical. However, 2 to 3 base substitution was detected within the sequericed rarige. 1t was conceived as in the mse of
tomato that this substitution involved a mistake mduced by the nested PCR in the polymerase feaction.

Figure 16 illustrates the restriction map of the about 3.3 kbp inserted fragment ampiified with primers KOM-2 and
KOM-5. in the figure, the upper part in the restriction map corresponds to te nucleotide Sequence of pnmer KOM-5 and
the lower part corresponds to the: nucleohde sequence of pnmer KOM-2. R

Coinplete dngestnorrof pKOM- -1, pKOM-2 PKOM-3, pKOM-4 pKOM~5 anocprM-G with restriction enzyme Hind
I, followed by agarose electrophoresis, revealed formatioh of two bands’at about 4.2-Kpb and at about 2.0 kbp for
PKOM- 1. pKOM-3, and pKOM-5 as well as wo barids, at‘abbuf4 9 kbp%ndafaboht 13 kgp for pKOM-Z pKOM-4 and
pKOM6 Thes observation'indicated that the EXT was inserted in the reverse di rectnons for the three bands of pKOM-
1. pKOM-3, and pKOM-5and for the threebands of pKOM-2, pKOM-4, and pKOM-G ‘I’ addmon it was revealed from
the resurts on PCR. which was carried out, with these plasmids usad as ten”plathﬁ bﬂ' usmg pnmer KOM-2 (SEQ ID NO
59)3na M13 Pnmer M4 (TAKARA SHUZO Co., Ltd.)or M13 aner'RV iTRKAFWS!—%UZG €o. (1)), that the about 1.3-
kbp DNA wagment contaned the wheat EXT gene promoter region; among the DNA fragiherits of anout 2,0 kbp and -~
*about™1 3 kop which were separated upon complete digestion of the insefted ffagment with¥éstfiction enzyme Hind iH.

Then. pKOM 1 was comptetely dlgested with reetnctlon enzyme Hind i hnd the abouf .34 kbp DNA fragment, -
namely a DNA’ !ragrham comalmng ‘the wheat EXT gene prorﬁbter réjion, Wits sUbf¥dted to purification by agarose
electropnorewss. foliowed by’ self-hgahon usi'ng TaKaRa DNA Ltgaton Kit (TAkARA‘ SHUZ@‘C@ ‘Ltd) Tne resulhng ’
plasmeds were transtormed wito E. coliJM109.” T -0 RIS

Of the obtamed colonies. 8 colomes were exarriried for the size of the: inserted fragmentby?’CR to detect an about
1.3 kop DNA fragment Then. plasmids were extracted from 3 colonies ahd Amed’ ds PREP-1,’ pR’EP 2, and pKEP-3,
respectively Compiete digestion of these pKEP -1, pKEP-2 and pKEP-3 with réstriction enzymes ECoR I, Sacl, “Kpn1,
Sma|.BamH |, Xba |. Pst I.'and Hind 1II, followed by agarose’ elecrropﬁoreefs was camed Ol?rtb prEparethe:r res’mc'hon
maps. Of them, the restriction ‘map of pREP-1-is shown in Figufe®7.1¢ is v = T AT e _

Next, each of KEP-1, KEP-2, and KEP-3 was completely digested with restriction enzime Sac tand the about 3 8
kbp band was subjected to purification by agarose electrophoresis, followed by self-ligation using TakaRa DNA Ligation
Kit (TAKARA SHUZO Co,, Ltd.). The resulting plasmids were named as pKEPS-1, pKEPS-2, and pKEPS-3.

Furthermore, each of pKEPS-1, pKEPS-2, and pKEPS -3 was subjected to double digestion with restriction enzyme
EcoR I-Pst 'l and purification bf e about 11 kbp bard by agdrose éiefrophoreégis Then, this_ DNA fragment was’
ligated to the molecule obtained by double digestion of pUC19 (TAKARA SHUZO Co., ttd) witfr réstrigtion enzymes
EcoR I-Pst {. The resulting plasmlds were transformed into E. coli JM109.

Of the obtained colonies, 5-¢olonies were screened fof the size of #e inserted fragment-of the “about1.1 kbp by ~
PCR using M13 Primer M4 {TAKARA SHUZO Cd., Ltd.) and M13 Primer RV {TAKARA SHUZO Co./Li.). The plasmids
were extracted from posmve colomes and named as'pKEPEP-1, KEPPEP-2, and KEPPEP-3, respectively

Each of these pKEP~1 pKEP2 pKEP-3 pKEPS—1 pKEPS-Z pKEPS-3, pKEPEP-1 KEPPEP- 2 and KEPPEP-3
was subjected to the sequence “analysis$ of the nuelecmde sequence ofthe respective, inserted fragment portion accord-
ing to the Sanger method'using M13 Primer M4‘(TAKARA SHUZO Ce Ltd~) and M18 anerﬁv (TAKARASHUZO Co :
Lid.). PO B2 :

On the basis of comprehensive mterpretatnon of there‘résults, the enfire nucteotidé sequencé’m the promoter
region upstream from this wheat EXT N-terminal- amino acnd sequence contained ln pKEP -1 was determmed Th:s
sequence is shown by SEQ ID NO 8 in the Sequence L:stlng e T e

Example 19 e - R

- N Lo

Analyeis of Expression Mode for Tomato EXT Gene

(1)Preparanon of Total RNA - : : o

Each of § g tissues collected from leaves, stems (dunng ‘elongation and after elongetnon) and fruits Imature green
fruit (of which the surface is green and & gelly subgtance is forrmed in the inside) and- ‘mature red fruit} of Arisd’ crarg a
tomato plant, was frozen, and pulverized using a mortar in liquid nitrogen. The pulverized tissués were mixed with 5 ml
of an extraction solution [0.2 M Tris:HCI (pH: 9.0), 6.1 M NaCl, 10 mM EDTA, 0.5% SDS, and 14 mM é-mercapfoekha-
nof], and 5 mi of a phenol-chloroform-isoamyt alcohof(so 49:1) mixture and stirred vngorously “The resutting suspens»on
was centrifuged to separate an aqueous layer. This procedure was repeated twice. The separated aqueous layer was
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mixed with a 1/10 volume of 3 M sodium-acetate, cooled with ice for 20 minutes, and centrifuged. The supernatant was
recovered, mixed with ethanol, and then centrifuged to obtain a precipitate. This precipitate was dissolved in 2 miofa
TE/HPRI solution [10 mM Tris-HCI, 1 mM EDTA, 5U/mi Rnase inhibitor (TAKARA SHUZO Co., Ltd.) and 1 mM dirhiotji-
reitol (DTT)). mixed with a 1/4 volume of 10 M lithium chloride, cooled with ice for 2 hours, and then centrifuged. The
obtained precipitate was dissolved in 0.5 m! of the TE/HPRI solution, mlxed with 3 M sodium acetate and ethanol and
then centnfuged to obtain an RNA precrpxtate

(2)NorthernHybndrzahon f LT , S

Each of a fragment of the ‘o"nato EXT cDNA [EP—0562835 Al (1993)] and a cDNA fragmem of tomato frurt polyg-

alacturonase (Tomato PG) [Molecular- & General Genetics, 208, 30-36 (1987)] was labeled with [a-32P}dCTP..using .

BcaBEST™ Labeling Kit (TAKARA SHUZO Co., Lid.) to prepare a probe for northern hybridization, respectively. The

northern hybndrzatron was carried out in the following way accordmg to a medification of the method dmbed in. .

“Molecular Cioning, A laboratory Manual®, Second Edition, Chapter 7, pp. 7.39-7.52 (T. Maniatis et al., Published by

Cold Spring Harbor Laboratory Press in 1989). That is to say, 2 g of the extracted RNA was subjected to electrophore-.

sis with formaldehyde-running agarose gel (1%), followed by northern blotting on a nylon membrane (Hybond-N*) over-

night. After RNA was immobilized by irradiation with a ultraviolet transilluminator (254 nm) for 3 minutes, the membrane: .

was subjected to pre-hybridization in 25 mil of a pre-hybridization buffer solution (6 x SSC, 0.1% SDS 5 x Denhardt's
solution, and 100 ug/ml salmon sperm DNA) at 65°C for 2 hours.

The 32P-labeled probe prepared by the above-mentioned method was added to 25 ml of a pre—hybndlzatron bufter

solution (6x SSC, 0.1% SDS, 5x Denhardt's solution).:To this probe solution was added the membrane obtained by the
pre-hybridization and hybridization was camried out at 85°C cvernight. - - - . - PR

Atter the hybridization, the membrane was washed thrice with a washmg solutlon contammg 2 x SQC and 0. 1% .

SDS at 65°C for 20 minutes. After being dried, the membrane was exposed overnight at -80°C in a cassette in which
an X-ray film (Kodak) was placed to prepare an autoradiograph. - -. «

The results are shown in Figure 18. That is to say. Figure 18 ﬂlustrates the northern hybndlzatron  using the tomato' -

tissues, wherein the expression of a tomato EXT mRNA was shown in the upper row, the expression of a Tomato PG
mRNA was shown in.the middle row, and the rRNA levels were shown in the lawer row: Also in the figure, lane 1 indi-

- cates the mature red fruit, lane 2 the mature green fruit (of which the surface is green and a gelly substance is formed

in the-inside), lane 3 the elongating steras, lane 4 the clongated stems, and lane Sthe leaves. . .- .
As can be seen from Figure 18, it was revealed on comparison of the expression. level of the tomato EXT mRNA
between each of the plant tissues that an intense expression was observed particularly in the mature green fruit and-in

3

the elongating stems. In contrast, the Tormato-PG mRNA used as a control, on comparison of the express:on level .

between eaoh of the plant ussues was expressed mtensely in the mature red fruit. - . . .-

(3)HT~PCRUsmgTomatoFruns

",

Acoordnng to the procedure as shown in Example 19 (1) total RNAs were prepared from 10k|nds of fruits in dn‘fer-

ent ripening stages ranging from an immature green fruit (of which the surface is green but a gelly substance is not. .

formed in the inside) to a mature-red fruit of Arisa craig , a tomato plant. One pg each of these total RNA was utilized
for RT-PCR using TakaRa -RNA PCR.Kit with AMV Version 2 (TAKARA: SHUZO Co., Lid.) in the following manner to
analyze the expression of the tomato EXT. mRNA and Tomato PG mRNA.

The reverse transcription reaction was carried out by using & random primer (9mer) attached in the kit at 30°C (1
minute), 55°C (15 minutes), 99°C (5 minutes) and 5°C (5 minutes). Then, with the whole reaction solution used as the
template, the PCR reaction was carried out using combinations of:~ .. . _ - - .

.

1) primer TOM-1 (SEQ ID NO 61) and primer TOM-2 (SEQ ID NO 62) synthes:zed on the basis of the tomato EXT‘

‘¢DNA fragment [EP-0562836 At (1993)], and . .

2) primer PG-SP3 (SEQ ID NO 63) and primer PG-AP2 (SEQ ID NO 64) synthesrzed on the basis of Tomato PG
cDNA fragment [Molecular & General Genetics, 208, 30-36.(1887)]. The reaction was carried out by repeating 25
times a cycle at 94°C (0.5 minute), 55°C (1 minute), and 72°C (1 minute). After the reaction, an aliquot of the reac-
tion solution was subjected to 1% agarose gel electrophoresis. The results are shown in Figure 19. That is to say.
“Figure 19 illustrates the RT-PCR using the tomato tissues, wherein the expression of the tomato EXT, amplified by
-the primers described in 1) mentioned above, in each of the ripening stages was shown in the upper row and the
~expression of Tomato PG (the ampilification product), amplified by the primers described in 2) mentioned above, in
- €ach of the ripening stages was shown in the lower row. Also in the figure, each lane with increasing the number
indicates the increasing ripening stages for the fruit: In other words, lanes 1 and 2 correspond to the immature
green fruit' (of which the surface is green but a gelly substance is not formed in the inside), lanes 3 and 4 to.the

36 ..
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‘mature greén fruit {of which the surface is green and a gelly substance is formed in the inside), lanes 5and 6 to a

turning fruit (10 to 30% of the fruit surface turns red), lanes 7 and 8 to a pink fruit (38 to 80% of the fruit surface

turns red), and lanes 9 and 10 to the mature red-fruit (100% of the fruit suriace tuns red) NS

A€ can be seen from Figure 19, it was revealed on comparison of the exprwslon of tﬁe fomato EXT at each ripen-
ing stages that an intense expression of the tomato EXT was induced at the immature green fo mature greerrstages,
as the amplification product (about 913 bp) was detected in lane 1 to lane 4 corresponding to these stages. On the other
hand, it was revealed that the Tomato PG mRNA used as a control was expressed intensely in"the-tutning and pink
stages corresponding to lanes S to 9 where the anplrfnwtnon product (about 561 bp) was detected.

These results revealed that the tomato EXT promoter was a promoter that induces arfintense geﬂe expression par-
ticuiarty in growing stems and enlargmg fruits (immature te-mafire green). Pvatis'to say, #twas revealed that the gene
expressicn was induced in each'case at the site fequiredfer the reconstitution of plant calf wall xyloglucan and at the

stage required for the reconstrtunonofplam c’ell wall xylogluwn G R e DEaET
;e B B RS- TR A0 G
Example 20 o F e g AR ~‘~’i’:'=: v Tt e 2!
> -0 .“ Tt h . ~ : Y < LI . T
Transient Ass‘ay Using Tot?aooo“cﬁ[mré'bells TRt s
. TS T A I ST S A : al LD
(1) Consiructnon ©of Plasmids for Transfer s T L L AAL tmege '
Trv.e =1 DR . 5 S ’ 3 -,J..Qf 23 =

-First, constructlmof respective’ pfasmds for the' fransfer waé pedormed Mmarto?transfar aplasmld corhammg a -
chimeric gene of a promoter reg|on and the GUS gene |Mo the pratopraets of Yobaitzo BY2 tftire cells by ‘using the -

eiectroporatronmethod ,‘ R 3 ST dfTE T ST RTHED ot

SR Lt a o . Cosapt e Al reura D

1. Preparation of Plasmid Contalmng Chrmenc Gene of DNA Fragmem Comamm(szmhmm 2 Gehe*Promoter

Reguon andtheGUSGene ('Tifanscrfbtlonal F‘bsnorr) RN TR RV T I T T |

3N, .50 y ey Lf bt emd o l, ot ~,_; TR s
4 aH A : ST v 3

2L H [ PR ~

A plasmnd comaming a c'hnméflc gene of a DNA fragment oonta:mng therazuki bean EXJ‘Z gene promotele region
and the GUS géne was construcfed as ilustratéd #? Figuré 20. That is to-say, pBI221 {Cldntech) having the caulifiower
mosaic virus 35S promoter, the . Cof- ongm GUS géne Zand & u'arscnpﬁomerminatron*sequence cassette onglnahng
from' nopahnesynthetase wasitflized. ™ i e r SR 28 L0 <

First, in order to remove the é¢auliflower mosaic virus 358 prommer-regaon in pBi221, 4h|s plasmid was. scb;ected to

digestion with restriction ‘enzymis Hind 11l and Sima | (TAKARA SHUZO o, Lid.), ‘and then purificationof.the ebjective -
fragment other than the 35S promoter region by agarose gel electrophoresis followed by cutting-off. Next, pVX2P501 -

prepared in Example 13 was subjected to complete digestion with restriction enzymes EcoR | and Hinc lI, and then puri-
fication of the about 0.5 kbp inserted fragment by agarose gel electrophoresis followed:by cutting-off. ~ Also,
PEXT2pro(F) 13 prepared in Example 13 was subjected to complete digestion with restriction enzymes Hind Ill and
EcoR 1, and then purmca'uon “of thie“about 2:58vkbp inSerted fragment by agarose gel electrophoresis followed by cut-
ting-off: These: DNA fragments were figated togetfié and thén transformed into-E: coli $Mr 108 strain.:This plaspiid was

named as pVAEXT2GUS ahd'E-cofi JM 109 strain transformed with: pVAEXT2GUS was.named as Escherichia. coli

JM 109/VAEXT2GUS. This pVAEXT2GSformed an abbut 3.4 kbp band by digestion with restriction enzymes Hind
1l and SnaB |, followed by agarose gel electrophiotesisthereby. revealing tharﬂ*ns plasmid cortained: the full length. of
theabout3oibpazuhbeanEXTdeneproﬁvo!erreglon BT R PR I

- r"'.::\t".C: 30 e DT U S 2

2. Preparation of Piasmid Containing Chnmenc Gene of DNA Fragment Contammg:Azuki Bean EXT%(Sene Promo’rer
Region and the GUS Gene (Ti ranscnptnonal Fusuon)

e - . _~
L T . 4O

A vector containing a chimeric gene of a DNA fragment oomammg the azukl bean EXT3 gene promoter region and
the GUS gene was constructed as’illustrated i anure 21. That is“to say: pBI221-(Clontech)-having:the cautifiower
mosaic virus 35S promoter, the E. coli- oFrgm Gus gene and a trar‘lscapbon{ermlnahm sequence cassutte ongma'nng
from nopaline synthetase was utilized. - = ; S N S I IET

DINN4  sluia wl. e Fand onsd mond dom.
1 Ilbl Ill uucl IU u:luuvc ll rc wumluvv3| llmlb Vll uo \JJ\.) P'UIIMIGI I WIM el yutﬁ‘. 1, A HD plﬂoll”\l "w auqutw N

digestion with restriction enzymes Hind-H! arid Xba |- and then. purification of the objective fragment othaer.than the 855
prombfer region by agarose gel electrophoresis folowed by cutting-off. Next, with about 0.3 ug of pVX3P208 prepared
in Example 14 used as the template, POR was carried out by using primer VX3UH (SEQ ID NO 85), which situated in
a région-downstrearm from Nsp V in the azuki béan EXT3 gene promoter region in pVX3P208; and primer VX3LX {SEQ
ID NC 66), the sequence just beforé the translation initiafion point. Thesecprimer VX3UH (SEQ ID NO-65) and primer
VX3LX (SEQ ID NO 66) were synthesi2ed 84 that the Xisd ‘I site.and Hind lli site were transferred intothe both termini

MRE
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of the PCR product, respectively. The reaction was carried out by repeating a cycle of 84°C (1 minute), 55°C (1 minute),
and 72°C (2 minutes) 10 times. After the reaction, 5 l of the reaction solution underwent 1% agardse gel electiophore- -
sis to.detect an about 0.4 kbp band in addition to the template plasmid band. Since the Xba | site and Hind Il site had
been transferred into primer VX3UH (SEQ ID NO 65) and primer VX3LX (SEQ ID NO 66), respectively, this about 0.4
kbp DNA fragment was subjected to purification by agarose gel electrophoresis, digestion with restriction enzymes Hind
Il and Xba |, ligation with the previously-purified pB1221 Hind Ill-Xba | DNA fragment, and then transformation info £.
coli JM 109 strain. This plasmid wads nameéd_as pVAEX'R%GUS and E. ooll JM- 108 stram transformed with
pVAEXT3GUS was named as Escherichia. coli JM 109/pVAEXT36US :

This pVAEXT3(‘US fon'ned an about 0.4 kbp band by digestion with reetnchon enzymes Hind IIl and Xba |, followed
by agarose gel electrophoresrs thereby revealmg that thls plasmid “contained the full length of the apout 0.4 kbp azukt
bean EXT3 gere promoter region. . - - - .- o .

~ - - -~

3. Prmaranon of Plasmid Contanmn ,Chimeric Gene Qt DNA Fragment Contanmng Azukl Bean XRP1 Gene Promoter .

Regron and the, GUS Gene (T ransla’aonal Fusnon) .

A vecto contaireng a translabonal tusron chrmenogene of a DNA fragment oontarnmg the azuki bean XRP1 gene
Promoter regeon m the GUS gene was constructed as lllustratedjn Figure 22, That is to'say, pBl221 (Clontech) having _
the caLiiower mosaK. virus 3SS promoter, the E. co/r-ongm GUS gene, and g transcnptron termmatxon sequence cas-
sette ongenabng rom nopahne synthetase was utilized, .

Fwst pBli221 was subgected to digestion with restriction enzymes Xba I 'and Sma 1, and then purmcatnon of the o

objective DNA fragment by agarose gel electrophoresis followed by cutting-off. Next, pXRG302 prepared in Example
15 was s;.b,octed to dor.ble d»gest:on with restriction enzymes Xba I-Hinc It andthen purrfruatxon of the about 1.1 kbp
inserted fragment by agarose gel electrophoresis followed by cuttmg-off This DNA fragment was hgated to the previ-
ously-punhed pB221 DNA fragment and then transformed into E. coli JM 109 strain.

A plasrrart was prepared from the celonies obtained. Next.-in order to remove the caulrflower mosaic virus 358 pro-
moter region i this plasmid, the plasmid was subjected to digestion with restriction’ eenzyries Hind lll'and Xba |, seli-
ligation. and then transformation into E. cofi JM 109 strain. A plasmid was purified from the colonies obtalned This plas-
mid was.named as pVAXRP1ttGUS and £. coli JM. 109 strain transformed .with pVAXRP11GUS was named as
Escherichia. colr JM 109/pVAXRP1HGUS. PCR, which was carried out with this pVAXRP11GUS used as g template

“and by using M13 Primer M4 (TAKARA SHUZO Co ‘Ltd.) and M13 Primer RV (TAKARA SHUZO Co., Ltd.), followed by .
agarose gel electrophoresis, resutted in formation of an about 3.0 kbp band, thereby revealrng that thls plasmid con-" )

tained the full length of the about. 1.1 kbp azuki bean XRP1. gene promoter region.
Furthermore, when the nucleot:de sequence of a port:on upstream from ‘the GUS-gene in pVAXRP1thUS up to

the promoter region determined, rt was confirmed that the gene originating from pBI221 (SEQtD NO 68) was integrated -

after.a gene encodmg the.azuki bean XRP:1 N-términal amino acid sequence in such a manner that GUS could be
expressed so as to form the translatxonal-fusron protem of.GUS having the azukl bean XHP1 N-termmal amlno acid
sequence by this pVAXBPttIGUS - - e e . e

4, Preparatlon cf Plasmnd Contammg Chlmenc Gene of DNA Fragment Contaxmng Tomato EXT Gene Promoter Region
and the GUS Gene (Transcnptlonal Fusion) . i _ L

A vector containing a chimeric. gene of a DNA fragment contalnlng the tomato EXT gene promoter reglon (about
1.4 kbp) and the GUS gene was. oonstructed as illustrated in Figure 23. That is. to say, pBl221 (Clonteoh) havmg the
caulrftower mosaic virus 358 promoter, the £. co//-ongm GUS gene, and a transorlptlon termination sequence cassette
onglnatmg from nopahne synthetase was utilized. L .

First, in order to remove the cauliflower mosaic virus 353 promoter reglon in p81221 this plasmld was subjected to
double digestion with restriction enzymes Hind ill-Xba | and then purlfuatlon of the objective fragment other than the
35S promoter region by agarose gel electrophoresis followed by cutting-off. Next “with about 0.3 ug of pLXG103 used
as the templatez: PCR was carried out by using primer LXUH1 (SEQ ID NO 69) which situated in a reglon downstream
from Hind 1li site in the tomato EXT gene promoter region in pLXG103 prepared in Example 16, and primer LXLX (SEQ
ID NO 70), the sequence just before the transiation startpoint. These primer LXUH1 (SEQ ID NO 69) and primer LXLX
(SEQ ID NQ 70) were. synthesized so that the Hind 1ll site and Xba | site were added and transferred into the termini of
the PCR product, respectively. The reaction was carried out by repeating a cycle of 94°C (1 minute), 55°C (1 minute),

and- 72°C (2-minutes) 10 times. Atter the reaction, 5 ! of the reaction solution underwent 1% agarose gel electrophore-

sis to detect an gbout 1.4 kbp band in addition to the template plasmrd band. Since the.Hind Il site and Xba | site had
been transferred mto primer LXUH1 (SEQ ID NO 69} and primer LXLX (SEQID NO 70), respectively, this about 1.4 kbp
DNA. jragment was subjected to purification by agarose gel electrophoresns dlgestlon with restriction enzymes Hind 1l
and Xba |, ligation with the prewously-purmed pBi221 DNA fragment, and then transformation info E. coli JM 108 strain.
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This plasmid was named as pLEEXT1 4GUS and E. coli JM 109 strain transformed with pLEEXT1.4GUS was named
as Escherichia. coli JM 109/pLEEXT1.4GUS. ‘

This pLEEXT1.4GUS formed an abeut 1.4 kbp band by digestion with restriction enzymes Hind 11l and Xba |, fol-
lowed by agarose gel electrophoresis, thereby revea!ing that this plasmid contained the about 1.4 kbp tomato EXT3 .
gene promoter region. I A ST

Moreover, as shown in Figure 24, a plasmid haying a fusion gene (transcriptional fusion) with the GUS gene using
only a region homologous with the tobacco EXT gene promoter. region was prepared. = . .

With about 0.3 g of pLXG103 prepared in Example ™16 used as the tefplate, PCR was carried out by using primer
LXUH2 (SEQ ID NO 71), which situated in the 5'-downstream from a region homologous’with the tobacco EXT gene
promoter region and the tomato EXT gene promoter region in pLXG103, and’ ptimér LXLX' (SEQ ID NO 70), the
sequence just before the transiation startpoint. These primer LXUH2 (SEQ ID NO 71) and primer LXLX (SEQ ID NO
70) were synthesized so that the Hind lli site and Xba | site were added and transferred into the both termini of the PCR
product, respectively. The reaction was carried out by fepeating'a cycle of 94°C (1 minite),’55°C (1 miinute), and 72°C
(2 minutes) 10 times. After the reaction, S pl of the reaction solution unterwent 1% agarose ge! electrophoresis to -
detect an about 0.7 Kop band in addition to the template plasmid band. Since the Hind il site and Xba | site had been
transfesred into primer LXUH2 (SEQ iD NO.71) and primer LXLX (SEQ 1D N© 70), resplictively; this about 0.7 kbp DNA
fragient was subjected 10 purification by agarose gel electrophoresis, digestior witt Testrigtion ‘enzymes Hind Il'and -
Xba |, igation with the previously-purified pBI221 DNA fragment, and then transtorfhation into’£. “coii JM 109 strain.
This plasmid was named as pLEEXT0.7GUS.and E. coli JM 109_.strai}i'h‘an'sfdrrﬁ’ea‘é VPLEEXT0.7GUS was named
as Eschérichia. coli IM 109/PLEEXTO7GUS.  ~ | e T TRy LAt :

This pLEEXTD.7GUS forried an about 0.7 kbp band by digestion with restrition enzyfhes Hind 11l and Xba |, fol-
lowed by agarosé gel eléctr‘;o‘éhore'_sisthq’rﬁi.ggyealjngrm;{t thi€ prastriid contained ﬂ‘we%bink:ﬁzmp tomato EXT gene
promoter region.” A - Sh L Eee e RREEEIE :

g
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5. Pregaration of Plasmid Coiithining Chimeric Gené of DNA Fragméit Containing Toneito XRP‘Géhe Promotef Region
and thie GUS Gene (Trangiafighal Fusion) ™ >~ = - 17 =R S

-‘ 9“7 -‘ P

LLe e e T Lol mi s e el :
“ K vectot ontaining & gerte (SEQ IDNQ 72) encoding the t’omatoEXTNtetrmnalﬁ;ﬁ\@o acid sequence and a trans-
|ational-fusion of an Aboli4.9 kbp DNA fragment with the GUS gene wals constructed as'illustrated in' Figure 25. That

is to ¢ay, pBI221 (Clonteth) havirig the

scriptibn termihation sequencé “cassefté originatify from nopaline synthetasd was Utilized. ™" =~

First, in order to remove the caulifiower mosaje virus ﬁS‘SPrpmbtgF. région in'pBI221 ! thig plasmid was subjected to
digestion with restrictior} ,enzy?né. Psttarid BamH I, ”a'nd‘men"ﬁfixrﬁijcaﬁon%f'the’dbiécﬁ\'léDNA fragment other than the
35S promoter regionby agarose gel electrophoresis followed by cutting-off. Next, plXC601 prepared ir-Example 16
was subjected 1o digestion wittr'restriction’ enzymes Pst | ghd BamH'1; and’ then' parification“of thé about 4.9 kup
inserted fragment by agarose gel eléctroptioresis followed by cutting-oft. This' DNA-fragment was ligated to the previ-
ously-purified pBI221 DNA fragment and then transformed into E. coli JM 109 strain. This plasrid was named as-
pLEEXTt4.9GUS and E. coli JM 109 strain transformed with PLEEXTt4.9GUS was named as Escherichia. coli JM
109/pLEEXTH4.9GUS. Complete digestion of this pLEEXT114.9GUS with restriction enzymes'Pst [ and BamH |, fol-
lowed by agarose gel electrophoresis, resulted in formation of an about 4.9 kbp band, thereby revealing that this plas-
mid contained the about 4.9 Kop tomato EXT gene promoter region. L A .

Furthiermore, when the hucleotide séquence of a portion {ipstream from thé GUS gene up to the prornoter-regioh
in pLEEXTH4.9GUS, it was confirmed thata géne originating from pBI221{SEQ ID'NC 73] was integrated after a gene
encoding the torfiato EXT N-terminal amino acid séquence in such a manner that GUS could be expressed $o as o
form the translational-fusion protein of GUS having the tomato EXT- N-terminal amino acit sequence by this
pLEEXTtM.QGUS. : \—<~ e \,‘ I T S 3 MEREDE R o SR

Next, a vector containing a translational i:tisiph_bf an about 1.4 kbp DNA fragment containing a gene (SEQ ID NO.
72) encoding the tomato EXT N-terminal arhino adid sequence and a promoter region with the GUS gene was con-
ctructed as illustrated in Figure 26. That is to say; pBI221 (Clontech) having the cauliflower fosaic virus 35S promoter,
the E. coli-origin GUS gene, and a trangcription-termination sequenc® cassette originating from nopaliné synthetase
was utilized. A S S e TEe

First, in order to remove the caulifiowdr mosaic virus 355 promoter region in pBIZ21, this plasmid Was subjocted to
digestion with restriction enzymes Hind lli and BamH F'and then purification of the objective DNA fragrhent other than
the 35S promoter region by agarose gel etectrophoresis followed by cutting-off. Next, pLXP101 prepared in Examnple16
was subjected to digestion with restriction erizymes Hind I and BamH 1, and then purification of the abouit 1.4 Kop
inserted fragment by agarose gel electrophoresis followed by cutting-off. This DNA fragm ntwas ligated to the préwi-
ously-purified pBI221 DNA tragment and- then-transformed intd E. coli JM 109 strain. This- ptasmid was named as
pLEEXTt1.4GUS and E. coli JM 109 strain transformed with pLEEXTt!1.4GUS was named as Escherichia. coii JM

cauliflower mosait virus 358 promoter, the £. goli-origin GUS gene, and atran- -
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109/pLEEXTH1.4GUS. ;

Complete digestion of this pLEEXTtH .4GUS with restriction enzymes Hind 1ll and BamH |, followed by agarose ge!
electrophoresis, resulted in formation of an about 1.4 kbp band, thereby revealing that this plasmrd contained the about
1.4 kbp tomato EXT gene promoter-region.

Furthermore when the nucleotide sequence of a porﬁon upstream from the GUS gene up to the promoter regron
in pLEEXT1.4GUS was determrned it was confirmed that a gene originating from pBi221 (Sequence No. 73) was inte-
grated after a gene encodlng the tomato EXT N-terminal amino acid sequence is such a manner that GUS could be
expressed so as to form the translational fusronprotem of GUS havrng the tomato EXT N-terminal amino acid sequence
bythrspLEEXTﬂ14GUS T S - R :

6. Prepara’aon of Plasmld Contalnlng Chlmerrc Gene of DNA Fragmem Contarmng Tobacco EXT Gene Promoter
Region and the GUS Gene (Transcriptional Fusuoo) ‘ .. . .

PR - . -

A vector oontamrng a chlmenc gene of a DNA fragment con'amrng the tobacoo EXT gene promoter regron and the _
GUS gene was constructed as illustrated in Figure 27. That is to say, pBl221 (Clontech) havrng the cauliflower mosaic
virus 35S promoter, the E. cofi-origin GUS gene, and a transcription termination sequence cassette originating from
nopaline synthetase was utilized.

First, in order to remove the cauliflower mosarc virus 35S promoter region in pBI221, this plasmid was subjected to
digestion with restriction enzymes Pst I and Xba |, and then purrfrcatron of the objective fragment other than the 35S
promoter region by agarose gel electrophoresrs followed by q.rttmg-off Next, with about 0.3 ug of pNXG102 prepared .
in Example 17 used as the tertplate. PCR was carried out by using pnmer NXUP (SEQ ID NO 74) which s;tuated ina .
r gion downstream from Hlnd Utsite in the tohacoo EXT. gene promoter reglon in pNXG1 02 andpnmer NXLX (SEQ ID
NO 75), the sequence.just befq;e-the translation Jinitiation pomt These primer NXUP (SEQ, D NO. 74) and primer NXLX
(SEQ ID NO 75) were syntheslzed so that the Pst | site and Xba 1 srte were added and trensterred into the both, termmr
ofthe PCR product respectively. The reactlon was carried out by repeating acycle of 94°C (1 mmute) 55°C(1. mmute)
and 72°C.(2 minutes) 10 times. Atter the. reac;ron 5 p.l ot the. reactlon solutron undewvent 1%, agarose gel electrophore-;
sis to detect.an about 0. 8 kbp, band in addmonto the te:mlateplasmrd band. Smce the Pstl slte and-Xba | site had been . .
transferred into primer NXUP. (SEQ 1D NO 74) and primer. NXLX (SEQ ID NO 75).,respect|vely. this about 0.8 kbp DNA
fragment was subjecied to purification by agarose ggl electrophoresrs. digestion with restnqhon enzymes Pst | and Xba
1, ligation with the prevnously-purrfled p81221 DNA traqment and !r.len transformatnon mto E coli JM 109 strain. This

plasmid was named as pLEEXT0.8GUS and E..coli JM 109 stram transformed wrth pLEEXTO B8GUS was named as .

Escherichia. coli JM 109/pLEEXTO sGuUS. . . . ., .
This pLEEXTO. 8GUS formed an abouto 8 kkbp band by drgestuon wrth restnctlon enzymes Pst | and Xba 1, followed -,

by agarose gel electrophoresrs thereby revealmg that thls pI asmid. contalned the about 0.8 kbp tobacco EXT gene pro-.

moterregion.. .. .. P ) S -

- .. . v . ¢« ~

7. Preparat:on of Plasmrd Contarmng Chrmerrc Gepe of DNA FragmentContalnmg Wheat EXT Ciene Promoter Reglon -
and the GUS Gene (Trapscriptional Fusion) . . . .. W P 3 .

4.' - -

. -

A.vector containing.a chimeric gene of a DNA fragment containing the wheat EXT gene promoter region and the '

GUSs. gene was constructed as illustrated in F“rgure 28..That is to say, p81221 (Clontech) havrng the cauliflower mosaic
virus 35S promoter, the E. coli- orrgrn GUS gene and a transcription termmatlon sequence cassette ongmatlng from
nopaline synthetase was utilized. .

Frrst, in order to remove the cauﬁflower mosaic: v.rus 358 promoter regron in pBI221 thrs plasmrd was subjected to
dlges'aon wnth reotnctron enzymes Hmd il and Sma 1, and then purification of the objective DNA-tfragment other than

the 35S promoter region by agarose gel electrophoresis. followed by cutting-off. Next, about 2 ng of pKEP-1 prepared . .

in Example 18 was subjected to complete digestion with restriction enzymes Hind Il and Nae |, and then purification of .
the about 0.6 kbp and about 0.5-kbp DNA fragments by agarose gel electrophoresrs followed by cutting-off. i

Both of the DNA about 0.6- -kbp and about 0.5-kbp fragments were ligated to the previously-purified pBl221 DNA
fragmem and then transformed into E. coli JM 109 strain. This plasmrd was named as pTAEXT1.1GUS and E. coli JM
109 strain, transformed with said plasmid was named as Escherichia. coli. JM 109/pTAEXT1 1GUS.

Drgestlon of this pTAEXT1 1GUS with restriction enzymes Hind I and EcoR |, followed by agarose gel electro-
phores§ res.ulted in formation of an about 3.3 kbp band, thereby revealmg that this plasmrd contained the about 1.1
ikbp wheat EXT gene promoter region. BV -

(2) Gene Transfer by Electroporation <~

In order to transfer each of plasmids, prepared in Example 20-1 to 20-7 as described above, into tobacco BY2 cul-
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ture cells by the electroporation method, the tobacco BY2 cutture cells were treated with an enzyme solution (pH: 5.5)
containing 1% ceulasé-ONOZUKA (Yakult Honsha Co., Lid.), 0.1% pectolyase Y23 (SEISHIN Corporation), and 0.4 M
mannitel at 30°C for 2 hours to bé converted into cell wall-free protoplasts. A suspension of the 2 x 10°% protoplasts of
the tobacco BY2 culture cells in an electroporation buffer solution (70 mM KCl, § mMM'MES; and-0:3 M mannitol, pH 5.8)
was mixed with 3 pmol of each of plasmids, prepared in paragraphs 1 to ‘7 as describdd above, -and a 10%
PEG6000/electroporation bufter solution with stiming. An electric pulse (300 V, 125 uF) usmg Gene Puiser Il (BnoRad
Laboratories) was applied to the resutting mixture to transfer the DNA into the plam cells. -

The cells were incubated in the LnrsmalenSkoog culture medium [Physnologla Planfarum, 1 _§, 100 (1965)) oontam-
ing 0.2 mg/t 2,4-D as an auxin, 1% sucrose, and 0.4 M mannitol at 26°C for 40 hours after the transfer. The cells were
recovered and a mixture of the recovered cells in 200 ul of an extraction buffer sojution [S0 mM phosphate buffer (pH
7.0), 10 mM EDTA, 0.1% Triton X-100, 0.1% Sarkosyt; and 10 mM 2- mercaptoemanolrplaced in an Eppendorf tutie was
subjected to ultra-sonication on ice for 30 seconds by using a ultrasonicator W-225 (HeatSystems Ultrasonics) with set-
ting the output control at 1.5 and the duty cycle at 50%. Then, a  supernatant nsolated by oentrrfugauon was used for the
assay of‘the GUS actwlty and the assay of the amount of proteln

!

'
1

]
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(3) MeasurementofPromoterActlvrty' T T s e e Ty e
Thé reaction was carried out by adding 45 uf of the extract»on buffer solution End'25 il dfa's mM 4-MUG substrate
to each 30 of the above-menhoned extracts placed in a‘96-well microtiter otate iorfhormence After 5,35, and 95
minutes, the redction was termmated by addition of 50 ul of & reacttcm—termmahon sofuﬁoﬁ (T M Na2003) THen, the -
specific fluorescence’ emrtted by '4-MU, the reactlon product, atan excitation Wavelength df 364 im and’ tluorescenée -
wavelength of 455 nm; was measured wrth a fluorescence plate reader [Fluoroscan ﬂtLabosystems)] e "
Moreover, the protein quanﬁty was assayed by a procedure Oaxerrplrf” ed as tollows Thus 2,510, 15 20 and_ 30 .
u! of a 1/5-diluted solution of' the extract or an 800 pg/ml BSAstandard solution’ (20 ,.d of th‘e extract buffer sotuhpn is _
mlxed with 80 ul of 1 mg/ml BSA) were placed in aBG-“welI mlu'ofrter ptaté antrtheteto wére’ a‘dded req:iectlvely“lss “
Laboratones) 'After beinig firred slowly and then allowed to stand for 20 minutes‘at room temperature ‘the mixtiire was
measured by a plate feader (wavetength- 590 nm) within 60 mintes to assay the 'prctetn quantny : LT '
The GUS act:vnty was measuréd in the following Way At the same time whenthe hbove assays were carned out
the fiuorescence untensm&s of the 4-MU standard sélutions ! were measured and the results wgre ptotfed ond graph Wlth

- the 4-MU quantity (pmol) at the x:axis and the fiuorescence mtens«ty at the y- axrs Then the -MU quan'oty per one ﬂu-

orescence unit was obtained from the slope and, further, the results on the sarrpt&s were ptottedon a graph with the
time (minute) at the horizontal axds and the fluorescence mtensuty at the vertical axis o obtain the i mcreaslng rate ot the
fluorescence mtensrty and then‘to obtain the decomposition rate of 4-MUG ‘equal to'the GUS activity. In addition, the
GUS specific activity was obtained from the amount of protein. The results are shown in Figure 29. In other words, Fig" "
ure 29 illustrates comparison of the GUS-specific activity of the transformed tobacco BY2 culture cells, wherein the spe- ™
cific actlvity value upon the transter of pLEEXT1.4GUS is taken as 100 for obtammg the GUS-specmc actrvrty upon ‘the
transfer of each plasmid and plotting each promoter activity on a graph, thereby -enabling ‘comparison the transfer
experiments carried out 7 times in total.

In the figure, the GUS-specific actrvrtyva}u&s upon ‘the transfer of each plasmld are indicated at the' horlzontal axis,
with the specific activity value upon the transter of pLEEXT1 4GUS belng taken as 100 and‘the plasmnds used in the
experiments are indicated at the vertical axis. The n numbers are2t07. '~ =

From these results, it was confirmed that the DNA fragment containing these EXT gene promoter regnons exhibited
an activity more ‘intense than that of the cauliflower mosaic virus 35S ‘promoter that had been said to'be expressed
intensely in the planis. As can be seen from this figure; it could be revealed that, parbcutarly, the activities of the a2tk
bean XRP1 and tomato EXT promoters were extremely hrgh and that the ei‘flclency was’ better by the translattonal
fusion from comparison of the tomato EX'I’promoters '

As described hereinabove, the praeent invention provides prompters of: gen&s and famnly genes’ thereot encodmg
the endo-xyloglucan transferase (EXT) to be expressed in a specitic manner at the site and ‘stage requrred tor the
reconstitution of plant cell wall xyloglucan. Moreover, the present invention provndes methods for clonrhg the promoters
of the EXT genes and family genes thereot, plant transformation vectors’ oontammg the promoters ot ‘the EXT genes
and family genes therecf as well as methods for prenaring them metheds for reguiatiing ihe exprosslon of the promoters
of the EXT genes and tamily genes thereof, and methods for controliing the plant morphology and plams using the pro-
moters of the EXT genes and family genes thereof.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is a restriction map of the fragment inserted in pvXP101. ' o=
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Figure 2 is a restriction map of the fragment inserted in pVXP-H3.

Figure 3 is a photograph illustrating a migration pattern of northern hybridization of the culture cells in Example 10.

Figure 4 is a graph illustrating the growth of the cutturecells in Example 10.

Figure 5 is a graph illustrating the results of transient assay in Example 11.

Figure 6 is a construction diagram of pBVEG101.

Figure 7 is a construction diagram of pBVEG121.

Figure 8 is a construction diagram of pBI-H-101.

Figure 9 is a construction diagram of pBI-H-121.

Figure 10 is a photograph illustrating the results of GUS-stalmng ofjhe transgemc Arabidopsis plant in Example 12.

Figure 11 is a restriction map of the DNA fragment of about 6. 0-kbp an‘phfned by PCR in Example 13.

Figure 12 is a restriction map of the DNA fragment of about 4.5-kbp an‘pl(fled by PCR in Example 14.

Figure 13 is a restriction map of the fragment inserted in pXRG302. ° .

Figure 14 is a restriction map of the fragment inserted in pLXG101.

Figure 15 is a restriction map of the fragment inserted in pNXG102 : -

Figure 16 is a restriction map of the fragment inserted in pKOM-1. - -~ = - -0

Figure 17 is a restriction map of pKEP-1.

Figure 18 illustrates an electrophoresis migration patter of northern hybndlzatlon of the plant in ' Example 19.

Figure 19 illustrates an electrophoresis migration patter after RT-PCR of the plam in Exarrple 19.

Figure 20 is a construction diagram of pVAEXT2GUS. ', * : : I

Figure 21 is a construction diagram of pVAEXT3GUS.- P . ’

Figure 22 is a construction diagram of pVAXRP 18GUS. ST e Toe S

Figure 23 is a construction diagram of pLEEXT1.4GUS. - = - o =

Figure 24 is a construction diagram of pLEEXT0.7GUS.

Figure 25 is a construction diagram of pLEEXTH4.9GUS.

Figure 26 is a construction diagram of pLEEXTH1.4GUS.

Figure 27 is a construction diagram of pNTEXT0.8GUS. R S S

Figure 28 is a construction diagram of pTAEXT1.1GUS. .-

Figure 29 is a graph illustrating the comparison of the GUS specrfraachwb&e of the transformed tobacco culture
cells in Example 11 and Example 20.
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT:

(A) NAME: Takara Shuzo Co.,
Takenaka-cho,

(B) STREET:

(C) CITY: Kyoto

(E} - COUNTRY :

(F) POSTAL CODE

609,

Japan
(ZIP) :

Ltd.

612

Fushimi-xu, Kyoto-shi

1

(ii) TITLE OF INVENTION: Plant Promotor And Merhod For Gene Evpression.
Using Said Promotor

(iii) NUMBER OF SEQUENCES: 75

(iv) COMPUTER READABLE FORM:
(A) MEDIUOM TYPE: Floppy disk

(2) INFORMATION FOR SEQ ID NO: 1:

(B) COMPUTER:
(C) OPERATING
{D) SOFTWARE:

IBM PC compatible '
SYSTEM: PC-DOS/MS-DOS -
PatentIn Release #1.0, Vers1on #1 30 (BPO)

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1875 base pairs

(B) WYPE: nucleic acid

(C) STRANDEDNESS: double

{D) TOPOLOGY:

linear

(ii) MOLECULE TYPE: DNA (genomic)

{(vi) ORIGINAL SOURCE:
(A) ORGANISM: Vigna angularis

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

AAGCTTTTIG

CAGAATTTTG

TGACATCAAA

CCTTATCTTA

TAATTAGACT

ATCTATTGAA

TAAATTTTAT

TAATAATATT

ACTTTGAAAT

CACATATTTG

GCACAAAARA

TGTTTCAATT

TTTAATTAAT

ACTCATAAAT

AATATCACGT

ATTTATAARC

ATAAGACAAA

ATTATATTGT

CAGCAGTAGA
TATATCCTAR
TTATAGTCTT
TTAGTAAGAT
ATATAAATTT
CARCTAATAA
AATTTTGACA
TTACTCTGCT

TGGATGATGT

CAATGCCACT

CTAATATTTG

TAGCACGAGA

TGAATTAGAG

AAATTTTAAG

TATAACAAAA

TTAAATTAAA

AAAATACAGA

TGGATAATTA

CGCTGAAAAA

ACTCTATCTA

AGATGTATAT

GTAAATTTTA

TGTTCATTCC

CTATAATATA

CTTAAATTTA

AAACAATATA

GAAAGGACAT

TATGATCTCC

AGATACCACC

TAGATATAAA

TTACTTAATA

AATATATGAA

AARATAAGTA

TCTCTATTAA

TTITTTTTGAA

ATTATATAT2

60

120

180

240

300

360

420

tn
RS
o
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TGTCACGTTG AGATGAGTGG CCCATTGCAC TGAAAATGAC TGACARATGG TACTCTCAAT 600
CCCATCTTAT TCTCTGTTCA ATTTTTTTCA CTTGAAAACT CTTTTTCCCT ATGGAARATA 660
GCAATAACTA CAATATCCTC GTTTCTICTT GTTAGCTCTT GGCTACAACT GTGTTCATCT 720
TCTCCACTTT CATCAATACA ATTCCAAACA GAATATACTT AGACCCTTCT GCTATTTCAA 780
GAAAGTAGCT TGCAKATITG CITTGTTTCC GACATACACT TCAATATGAA AAAAAAAAAR  ° 840
AAAACACTTT GAGAACTTTT TARAAAGTAT TAAGTAGGAT TTGACGGCAG AATTTTGTTT = 900
CCATATTTAG TTGAAAATAC ATACAAAACG TATTTGAAAG TTATATTCGA TTGAATTIGG =~ 950
TTTTAACATA GAARARATTC AACCAAATTA AGTCCATACT TAAGCATTAA TATAAATAIT ~ 1020
TCAGTTATTC GACTTCGGTT TCACGTCITS CCATTGTTTT ACATGTGTAA TACTICAATT 1080’
AATTITTIAT GTTTICATET CIEMTTATCE. ACTCCETITA TTTITACATT ATARTACCAC ° Y140 -
ATTCCTCCAA TACTATAATT CTTAAGATAT ATGTGAACAT TAATATCTAA TGATACATAA 1200
GGTAAGTTGT AAATATTCAT AGARAAAATA ARATGACTTT TCAAGARAAC CAACAACTAA =~ 1260
ATATAAAATA TAGAAAAGTT ATTTACAATT TTGTCUGTTA ACATCTCCAG ATATTACACT =~ 1320
CTCAAAAGAA AAAGTGTTAG ‘AKAAATCATA TAAAATAGAG TTCAAATTCT TTGTTAGATT ~ 1380
TTTTTTACTG AACATTTAAA ATATATATTG ATATTGATTA TTCATTTTTA TAAATATATT 1440
TTARAATTAA CATTCAATAT ATATATITTA ARATTAACAT TCANTATATA TATTITARAG 1500
ACACAGAAGA AACAACAKAT TCGATAAANT TGTGAGATAA TATTTAACCC TAACTTTCTT 1560
ATGAACTGAG AGATTTTACA TTTATGAGAA ATGATTGTCC TGTGTTAATT ATCCATGTCA ~ 1620
GCTACCTAAT CACTAGHAAA GCTARTCAGA ATTCTGTGAT CTAGTCCTAC TATTCARACA 1680
CITTTAGGCC AARGAAARTT GARACACAAA ATACCAGITC TCAAATACAA TGAACATTAT 1740
TAATTATAAT TCAGTTAAAA GTCATTGATC AGAACAGCAG TGARGGTTAG CTATAAGOGC 1800
CTTATAGETG CAGGCAGAGT GTCGTGCCTA TATATACCCT TTGGAATGOA CARGTTGARA 1860
CACARAAGAA ARRTG * - - = 0 7 T T e T ’ “18%s
(2) INF.ORMATIQN; FOR SEQ ID NO? 2_1 - - - )
(i) SEQUENCE CHARACTERISTICS: -
- (A) LENGTH: 1965 base pairs ~ -
(B) TYPE: nucleic acid . . - o - B -
: (C) STRANDEDNESS: double ~° -
(D). TOPOLOGY: linear,'. - . . - '
(ii) MOLECULE TYPE: DNA (genomic) .. . . . .. _ - -

EP 0 818 532 A1
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(vi)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

AAGCTTCAAG
CAAATTCTAG
ATTATAAGTG
ATGGAGGCGC
AGAGGACCTC
CAAGTGAGTT
ACGCAATTTT
ATGTTCATGG
GTTAGGCARA
TACTATACTG
TTCAAGCTAG
CTGATATTTC
TAGTCTI.\GAC
TGCAATCATG

CCGACATACA

| TAAGTAGGAT

TATTTGAAAG
AGTCCATACT
CCATTGTTTT
ACTCCCTTTA
ATGTGAACAT
AAATGACTTT
TTGTCCGTTA
TAAAATAGAG

ATATTGATTA

EP 0 818 532 A1

ORIGINAL SOURCE:

(A) ORGANISM: Vigna angularis

TAAGTCTCTIG TGATA’I‘GTATGCAAGGGTI‘C GAAATGAGAA G&AGGCC\CI'I“ - 60
GTGTACTGGA ATCTAGGAAG GATGAATTAG GABARGCTGA TTTTGAGAGA . 120,
GCCTTATTGA TGSTGGGTTT COGCAAGATG COCAACGHAT ATGTGGGATC .. 180
AGGATTTCGA  TGCATCARAG .GTTARGGRCA ACFTTATGAR GCCTGTCICT 240
GTATGAGATA GTTTAGTGGT CATGAATIGG GACATTTIAG TCTTICICIG - 300
ACAAMTGTAT TACCTTATAT AGGAMGCAAT GTCTGCATGA TTTATCATAC. - 360
ATAAGRATGA ATTTGTTTAT GGATITTICC ATTGCTCAGA TICTGAATIT 420

TTTTTICTTT TGAACTITAG TTGTTTETAT ATACAAATGL. CTICIGTGSC .

480

AMTTTTCATT TCCARTTATT CAMTATICTT STGGTGIGAT ,CATCACTITT  -..540

TCTGACAGCA, CTGATGCEGC CTATCAGGAT. TTIIABACTT GTATGCGRTA - « -

600

ATCACRAGET ACAAACTAAT NTANNTCGAT. AGGAMATICA GRTCGGHTSG . (660,
TCTTTAATAT TGAGATAGTA CAGAARATGER MATGCCGMAA GIMABCMACG . | 720 .
ARANTCACAT, ATTARAGETA ABOTTOOTAG CAACTAGCGT GAGAGCATCC . 780
TGRGANTIGA CTATITATAR ACTACANTGA TCTAMITAMG MGCTACTAA . 840
CTTANTGTAD TATGANITGH. TCTAMGTAG. CTIGGANTT. TCTTISTIT . 900

TTGACGGCAG AATTTTGTTT CCATATTTAG. TTGAAAATAC. ATACAAAACG , ..1020 .
- . PO - e b T L - - - = . LY e - -t . - P e O - Y

TTATATCCGA. TIGAATTISE TITTARCATA
TARGCATTAR TATAAATATT TCAGTTATTC
ACATGTGTAA TACTTCAATT AATTTTTTAT
TTTTTACATT ATAATACCAC ATTCCTCCAA

TAATATCTAA TGATACATAA GGTAAGTTGT

TCAAGAAAAC CAACAACTAA ATATAAAATA.

ACATGTCCAG ATATTACACT CTCAAAAGAA
TTCAAATTCT TTGTTAGATT TTTTITACTG

TTCATTTTTA TAAATATATT TTAAAATTAA

GAAAAAA'I:EC_

GACTTCGGTT
GTTTTCATGT
TACTATAATT
AARTATTCAT

AAAGTGTTAG

AACATTTAAA

CATTCAATAT

AACCAARTTA . 1080
CTCTTTATCC ;1200
CTTAAGATAT 1260
AGARARAATA 1320
Ai":x"x:hqp;p;'r'r © 1380
AAAAA'I‘CA;T.‘A - 1440
ATATATATTG 1500
ATATATITTA 1560
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AAATTARCAT
TGTGAGATAA
ATGATTGTCC
ATTCTGTGAT
ATACCAGTTC
AGAACAGCAG

TATATACCCT

EP 0 818 532 At

TCAATATATA TATI'I'rmG ACACAGAAGA AACAACAAAT
TA‘I’ITAACCé- TAACTTTCTT ATGAACTGAG AGA’I'I'ITACfx
TGTGTTAATT ATCCATGTCA GCTACCTAAT CACTAGARRA
CTAGTCCTAC TATTCARACA CTTTTAGGCC AAAGAARATT
TCAAATAGAA TGAACATTAT. TAATTATART TCAGTTARAA

TGAAGGTTAG. . CTATAAGCGS- GTTATAGGTG CAGGCAGAGT

ST e s~ - -~ - TR

(2) INFORMATION FOR SEQ pes No' 3.

Tl - . PN
e SO L LAl "

(i) SEQUKNCE CHARACTERISTICS‘ :

(A)” LENGTH: ‘2960 'basé ‘pairs ... > .. ~ =~
(B) TYPE: nucleic acid

(C) " STRANDEDNESS:. dguble ™ . .1..7 - ~ ..~
(D) TOPOLOGY linear

——a e ce ., . - - - —-—

(1:I.) MOLBCULE 'I‘YPE DNA (genomic)

o - PEPAAN -

(vi) ORIGINAL SOURCE :

(xi) - SEQUENCE "DESCRIPTiON: §EQ ID NO: 3:'

AAGCTTGATA
TATTTTATAT
GCTTAGTACA
GAGATTAATC
AAGAGGCAAT
AGTAACAAAA
TGAATAATAA
AARAGAATGA
ATTATARAAT
ATCTCGARAA
GTTTTTTTAA
GTATACATGT

.,T. .

(A) “ORGANISM: ‘Vigna angularig - "~ -~ 7777«

GATACGRATTT ‘GTATGTACCA ACTTGAGAGE AGTGTTAAAT
TTATCTTTTA TTTTTAGTTA GTTTGTTATT ATTTATTATT
TATTTCTTCT ATTATAAATA ARAGACTCTA CGTGTATATT
TTATACATAA TTTTCACTAT ATTCAACAAC TATCATAAKA
TACCATTGCA “TCTTTAACAA CAATTGTGAC TTTAAACTAT

-

TCCTATTTTT ATACATGTAA ATATTTAGGA TGAARATTAT
rAxACTTTGG ATAAATAAAA TTTGATCCTG TATTATTAAT

AAA'I'I'I'I'AAT 'I'I‘AA'I'I‘T'I'I'C A'I'I‘AC’.ATACA AATI'I'I‘CAAA

AGTT'I'CATG’I‘ 'I'I'I’I‘G'I'I‘AAA 'I'TAG’I'I'GTCA AAACATA'I'I'I‘

—m - PR — -

AAATG’I'I‘AAC AATAAAAAAT AGGACCTT'I'I‘ GACACTCCAT

. R

TCAGAAAAAC A'I‘G'I'I‘ATAAT AATCGATAAT AC'I‘A'I'I‘C'I'I‘C

. Y PR - -

TAGAAATACT ATATATGT'I‘A C'I‘CAAACTAA TATAATA'I‘AT

AGAAGATAAA A'I'I‘ATCCTAC ATA'I'I‘G'I'I'I‘C 'I'I'I‘AAA'I'I'I‘A‘

TCCATAAAAT
TTTATGAGAA

GCTAATCAGA

ATATTATTTT -~

TGTATTITGG
C; AR CATA h"AG
ARCATGTARA

CGTTATTACT

CTCTTTCCAT - ' °

- -

TTTATTTTTG

TTCATTAGTA

TTAATARAAT |

AAAAARACAT
ATATATCAAT
ACTTATATTT

CATI_&TAAAGT

- - s

.

1620

1680

1740,

_1B00

1860.

.. 1920

1965

e .
-y G

ra

-120
180 -'-

240

© 300

“360

420

480

.540
. 600
660
720

780

60 -
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CATATTATCG
CATATATTAG
CAAATATTTA
CATATTAAAC
ATAATTCATT
CTATAACCCC
TGACTCTTGA
TAACATCATA
TAAACATACA
AGAACTTAAT
TTTIG.CTTA
ATATTTAATG
CTAGTCAATG
AACTTTTATA
TTACATTIGA

ATAAAATATA

TTTTGAGTAC
TTTACAGATA
ATTACATTTC
ACATGTAACA
TAACATAAGT
CCCAACAATA
GACATAATAT
AAAGTATCCA
CATATTACAT
TTGCCTCTCG
GTAAACATAC
AAATAAATGT
GATTTAGAAC
TCATTAGCAC
TCAATAATAT

TAPTICATTG

TTCTTAATTT
ATTTTGAAAT
TCTTCTCAAT
TGTTTAATGT
TAAA?ACIAA
ATAAAATGAG
TAAARTATAA
TTATTTATCA
AAATTTAAAA
ATATAAATTA
GAAAGCAACA

AAATTAAGAA

‘TTFTFATITA
CTTGAATAAT
TATACTGAAG
R
AACCCARATT
ARTATACARA
ATTCCAGAAT
AATATTTTTA
AAAAAACTTA
AATATGTCAR
TGATTTAARG

ACCAAGCGTA

EP 0 818 532 A1

TCACTTAAAT
AAATTATAAC
AATATTCARR

AGGAAARTAT

CTTTTCTATT

TATCATATTT
CATCTCTEAC
CATGAAATAT
ACATGAARTAC
chcAAAsGA
ACACTTTTTT
AAGTTAATTA
ACCAAATATC
CATTATAATA
ATTTAAACTG
?AAT&TTAGR

AATTPGACTT

TAGTAAAGTT

CACTATTTTA
ACCACGCACA
ATAGATAATT

TTGGGIA§§§

N

GTACATAAAA

tama

TACAATTAAG
ATTTAATTAT

TAATTARTAA

- Tal L.

TAGTCCRTTT

AAIAATAAAC

CAGAATTTAA

AATCAAACAT GGTATATCAT ACAACATATA .

AARATCTATC TAATTCACTT “TTTAAGAACA

GTAATTTGTT ATTGATATAT TTAGAGGATT

ATAGAAAATA TCGTCTTAPT ‘TCARAGTTAG

CTTGTCACCT ARTATCTTAA ‘TECTTATAAT

CHTACACTCE CAAAATAACACATATCATATA ~

ACATCATCAT AATACCACAC ATTTTCATCA

TAATCTTTCA ACACAATACC GTCACATGGG

RECNY

Y as

PO

2T aT

NERETEN

GAAAACCTAA~AATAACAAAC,AAAITTTTTT

sielvna

AACACTCATA:CASTTCACA? A$CTRBAA$A

~

ProPus

Tl e

C s

AGTGCCAGTT ATCTAAAAGT GATATGCCTA

NN

v

e Rl

CCAATTAAGT TEJTAAAACA CCTTAGTTTA

— -
EAOPA ORI

AGAAAATTTG , AATAACAGGA ANTTARACAA .

CCTTGATATT, TTTAGETGCT ABCTCTTTGC

PETTATATAT. TATAAAAARA: TTAGTTTTAG

CETTAATTTT, TAATCATICG. TAACTITAAT,
TTANTTATAT. GCAACTTTAT ,TCAATTTTCA |

TTACATTTAC ATTAAAGTCC TGCATTCTAT...

840
306
960

1620

1080

1140

1260
1320
1380
1440
1500
1560
1620
1680

1740

13800
, 1860

~1920.,

PR S

TIATATACTT,TACCCAATCT_TQTTAIngﬂtm .-1980

GATCTTRAM, TTGAACAACA TTATRATCRT
GAAAAICCAC AGACCCAAAT AATGAAIA*T

TAATATGGAC CCAAAAAAAT ACATATTTTA

FINCS

TAAAAAGATA TTAAAAGATA AGATAATAAA

oA D

AAAATTTGTT ATTTAAAITT TEITTTTC"A

GTTTAGCATA CAGGTGAGCA TGTCAGTATT

AGTATTAGGT GTATTGTCAT ATATCAACAT

TAATACATGA TTAAAACCGT TTAAATTTAG

AAGTAAATAA AAATCACATT GGAAATTTTA

2300

L2040

, 2160

2220

2280

-1206 -

2340

2400

PR VS

2460

PRI

.o

- -

ALl

2520
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AGAGGATAAA
AAATATCAAG
AAGARAATTT
ATCATGTCTA
é'rAA'rATCA'r
TATACCTAAT
ARAGCACGGT

TTCATCTTTC

(2) INFORMATION FOR SEQ ID NO: 4:-
- TEa e e iy PO "

EP0 818532 A1

ARATACAATT AAATCTARAT GGTTTCTAGT TAATATGTTT TCATACACAT
AAGGAATTCA TTTTACTTGT TTATAGAATT CGGTTCTTAT CCARATTAAA
CTTAGGCATA CTAAATTATA TATTTGATTG'AATTTAACAT TCATTTARAA
TTAGGTACAA AATGATTGCT AATTAGCGAG CCCCAAGGTG TAATAAACGC
GATGACACCT GTTACTICTA GCTITCGAAG -ATCATAATCA TGAACAGARA
GRACAGAAAG- AAARRCTCCTE TGGCAGAGAT GARACGAAGAA GCAAACTTCC

GATGTGTCTA “TATATATATT CCCATFAGCC TCABAGACTT.TCACAACACT

CCTTGTTARC - -~ -~ - . . IT1 TtTnITr e L ot T
LTIL T T oman e - o~ . ..o -

(i) SEQUENCE_ CHARACTERISTICS: L _ ) o
" (A) LENGTH: 3300 basge pairs ™ SRR

(ii).

(v)

(xi)

(B) TXPE: nuclei¢ acid = = = el
(C) STRANDEDNESS: double - mee o o T T
(D) TOPOLOGY: _Alj.ngar

- PO . - e e e,

MOLECULE TYPE: .DNA {(genomic) .

ORIGINAL SOURCE' e - e e e e . . —
(A) "ORGANISM: Vigna angular:.s o T o

SEQUENCE DESCRIPTION SEQ ID NO 4.

CCACCGOGET
AGACACAAAA
CCAGRGAACE
CTAATTARGT
ATTTTTTTAA
TCTCTTTACT
AGAAGAAGTG
TAATAP;.AIAT
TAGGTTTATG
TG'I'GATC'I‘I‘A

TGATTCTTGA

GGCGGCCGCT CTAGACAIAA TGATCTCTTT CAATGATCAC CATTAAATAT

-~ . Cem e R

TAGATTTGAA CTTAAGATTT ATCAAATTAA GTTTAACAAC TAAAATCCAA

I S - -,

ATGATCTCTA TCCACAAGTT ATTTTAGAAT GAJTTGAGAA

- - o~ - R - R

CATAAAAGTA TAACAAAAAA CATGAACATA TAGAAATGAT

CTATTCTTGC AGGAI%GAAA ACATACTGCA AAGATTCCAG

- - ——

CTTCAACCTT TTAGCTCATA TTCTTCCATG TCTAGGTATC

K -

TGTTTGT%AA AGACACTATG ACGCTCAAGT AAGGAGTGTG

- PEL ne

TTTAATAATG AACACAT%AT TAATTACCTC GTGAACAAGA

GGTCCTTACC TGTTGGGCTT GGATTACATA GATAATCATC

TCTTGCTAAT ACTTTTAACT CTTAACCTTT ACTGATCCTT

S E -

AACATTACAA AATGAAATAA TGTTAGGTAG GTGTTCATGA

TCGGTATGAG CCAAAAICAI CTCTGGTACA TATAAATAGA

. GTTCCARGCG
ccm'rc;;:rGA
C'I‘A’I'I'I‘ATAT
ATGGTTAATT
ACTATTACAA
Ammw

GATGAGTTTA

- 2580

2640 .

2700--

:.2760

2820 . -

2880+

.. 2940

72960

120
180
240
300
360
420
480
580
600
660

720
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GTCATTACAT
TCGTATATAG
AATTGATTAA
TTAAAACGCA
AATCAGATAG
CAAAACTTGA
CTCTGAAAAT
TCATCATTTG
AGTAATATCT
TCGATATATT
TAGCGAAAGC
ATAATATATA
TTTTAATAAT
CTAAAAARAAA
CTCTCTCATC
AAAATCAGAA
TGTAARGAGT

CAATTTCACC

_ CTCTAAAARA

ACGAGTGTCT
GAAAATTAGA
TATAAAATCA
CAATTACCAA
ww
TTTT%TGAAT
AGAGTGAGGA
TTGAGAATGG

GGTATTTTTG

GTACACGCGT

EP 0 818 532 A1

ACCCACATAA TGTTAAGTAG ATGTTTACAT ATGATTGATA AGATAACCTC .
GTTGAAATGG TCTTTGATAC ATGTAATAAC ATTAGATGTT AATAGTTAAA.

AATAAAATTA CATATAATAA-~TTTATTTTGA TACATATTGC. CAGACCTCAT:

CCCAAAAACC TTCETGAACGG ACGTCAGGTG . TCAAGCGAAG- AGGATCEGGA |

TGGAAGGCAG GTGTCSGCAG ATGAGCGGAC GCTCATTITG -ACESTGGGAAG

TTTTTCAGAA AATTCACGTC ACACTCTCTG CATGCAGGTT- CTTCCCCAAA -,
TTPATTTCTC: CTCCTTCTCE ‘CTARAAACTC -TCCCTTCTCT. CTATAARATA
TTGATAATTT TGATGTTCGT TTTGAAGTTT TTTTATTATT ATTTAATTAT

CCTTCTTAAA TTCCTTAAAT AATATCTATT TATTCATGTT TTCGTTATTG

CTAACTACAA AACTATCTTA AATACTTAAT AATGTAAAGT T%AGGTAAGA

—~ - e~ g

el -1-.‘4 pEon vty 2

AAAGGTAAAT GTAAATCTAA AAATAAAACAJAACTTRSEA ITAGACKTT

TAAAAAATAC CCTTATATAT AArccamTCT‘Agéfgrmgn;gﬂjﬂéggsrA;:

TTTCATTCTC AARACTAAAA AAAAAAAAAA AAAAKACCTC ATTTTCAARA ~

ST N

AAAAAAACCT CCAAACCCTT AGTTACCTCT “CTEATTECTC TCAACCETTT -

e~

TCTCCCACTC CAACCTTTTC TCTGTCATCC CTACTGTAGT CCCAATTGAA

AT .-

S SN

ACTCTAGCCC CAATTGAAAA AATCAGAAAC ACTTGCCGTT AAATTGCCTT

s
P A < -

TGAGICAIIﬁ\ACAIATICAC CTTCAGGAAA AGGTTCACTC AAGATCTCTT
P - S oA

TCS

ATCTTCATTA ACCTCTCTAA TTTCATCATC TACATGTGTT GAATCATCAT

AlA T LT - >

?Té?&@h@@ﬁ AAAAGTCATT ATAAAATCAT TTTTTGTAAG AAATTGTTTA

- e o=

Ll DAL = PEERES

CTQ@TTT??T CCACGCCAAT TACCAATTCC TTTGATGTTA TTATGCTTGT

- - PR PR s T ARS 2LAL

TARAATTAGA TAAAATTAGA TAAGACAARA ATTATAARAT GARAACTCAT
ST i AL ATES Lo
TTTTTTGTAA GAAATTGTTT AACAGCGAGT ATTTCTGAIT TTTTCCAGGT

ime s s s s
=T A PR SRR

TTCCTTTATA CTTGTGAAAA TTGGATAAAA TTAGATAAGA CAAAAATTAT

o
- IUNa R ; . A

w s LA

CTCATTATGA AATCATTTTT GTAAGATTGT TTAACGACAC ATGTTTCTGA

.. - . - - A -
R YO e - . . X ~

TAGGGCTATA GTAGGGATGA TAGAGAAAAA GTTGGAGTGA GAGAGATGAA

ERERAES - . e e

TTGAGAGAAA TGAGAGAGGT GAATAAGAGT TTGGGTGTTT T"TTTTAGTT

Lt h T

AAATTATTAA AATACCCTTA ACCTTAAATT TAGAATCTAT GATATATAAG

~er d -

TCTACTAAAA TCTGATACAT AI"ACTCAAA TGTACCAACT AAAAAGAGACv

TACCCAACCC CATATATATA TATATATTAG CCTCCCAAAC TATCTTAAAT'

Py

840

;900

.. .960

1020

-1080

1140

- 1200 .

1260
1320
“1380
1440

1500

1580

1620

1680

N

1740

.- -

1800
S AL

1860

ORI

1920

1580

¢ .
e

PR

2040

2100
2160

2220
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AAGGTAAAGT
CAATTTAGTT

ATAAAGAART

EP 0 818 532 At

TAAGGTAAGA CAGCGARAGC
'I'I‘TAG.ACA'I'I‘ ACGAGTA'I'I‘__C

CATAAGTAAAR TGTAAATCTA AAAGTARAAAC 2520

AGGCATTCAT AATTATGGTA CAAC’I'I'I'I'I‘A 2580

TACACAAAAA AAGTTACATA CACTGAACTT . 2640

ATCACTTATT TCGTACACAC, AAAAATTATT TATATTTTTA -CATAARTCCT ATCTAGTCAG 2700
TTTTCTCCAT TAARATATTA TATAARAATA TATAAATATA ATAATAAAAT TTARAATACA - - 2760.
CCTCTTTGAT TTSCAACGAG. CCACCAGAAG GAGAGATTGT TAATTTAAAC GGAGTAAATA 2820
ATCATCAAGT GCCACGAAAT AGTTACATAA TCACGAAGTT ATCTACAAAA AATAGCCTAA: . 2880
AATGCATTCG AAAATTTATC ATTATTGCAA ACAACAATAC TCTAATCTGA AAGAGATTGA = - '2940°
TGATTACAARA GAWAGC'I‘)AG CAGTCAATTT mrmccc ‘qTKA'rAéTC'r‘ ’c’rcrAﬁKGTI L3000 -
TOTTTCCARC ACAARNTECT- AACTARAGCA AATGCATGAT “TOTTISTCTT CATCTCFEre:: 3060°
TCATCTGACA TAAAACAAAT CTTAAATATA TATCATTAAT CATTATARCA AGCATAAACT 3120~
TOATOG=TTT TCTHAAATGA TGAAGCATOT KETATTGAAT TAAATATARA TTTATGTTGA 3180
ATATTTAAAA AGATAGAAAG TAGAGGGAAA GAGAGAGGAR GAAGGGTATT GGGCTAGGTG 3240
CASTGCTTAT ATATACCCTT TTCTTAGCCA TTAGCTTCCA CARACAGATA ARCACAGARA . 3300
(2) INFORMATION FOR SEQ ID NO: 5: R S )
(i) SEQUENCE CHARACTERISTICS: oL T
(A) LENGTH: 1127 base pairs R S

(B) TYPB: nucleic acid
(C) STRANDEDNESS: double BRI S
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA égenomi‘c‘)f' T L
(vi) ORIGINAL SOURCE: PoeE T T L rntind
(A) A‘OBGAN:!:SM;, yigx;_a:_ apgplar_is 4 ‘ e

(xi) SEQUENCE DESCRIPTION; SEQ ID.NO: 5t .. . .. .. -
TCTAGATGGT TTCACCCAAC TACATGTTTT .GTTCIGTTTT GCTTTGGTTT .CARACTTGTG .60,
ATAAMAGCAA CGCGTTGAGT CIGTTTGTCA ATTTTGTTCG ATTTCAGATT CTCTGTGGAT 120
GGAACTCCAA TAAGGGAGTT CAAGAACATG GAGTCAARRGG GTGTTCCATT CCCCAAAAAC 180
CRAAGGCAATG AGGATATACT CAAGCCTTTG GAATGCAGAT GA?ITGGQCCA- CAAGGGGAGG - 240

GCTTGTTAAA ACCGATTGGA

CAATGCTTGC ACTGTGTCCT

GCCAAGCTCC "ATTCACGGCT TCATACAGAA ACTTCAATGC . 300

CTGGAACTTC TTCTTGTICA AACTCTGTCT CTTCTCCCAA 360
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TGCTTGGCTC TCGGAAGAAT TGGACTCTAC TAACCAGGAG AGAC’TGAAdT GGGTACAGAA

GAATTACAAT GATCTACAAC TATTGCACCG ACGCMG ATTTCCACAG GG’C‘C‘I‘TCCTA"

CAGAGTGCAA CACTGCCTAA TTTTTCTTAT CAATCCTTTC CATGCTCCAC TTPCTTTTTT

ATTTCTTCTG TTGTACTTTC CATCATGATC AATTCTTTTA TTCATTSTAA AACATTGCTA

TCATGATAAG TTTTCTTAAA TATTTGCATA -AGAAACTIGC CGTATAKATC GTCTATAAGC .

AGGAAACTAA AATAGTCCAG GAAATCGAGA 'ATCGAGAAAC GAGAATTTCC ABGTCACCAA

CCTGTGAAAA “TTGTTTTTGA TECTTCGATAR AAGTATTAGT TAATTAAAAA AACACAAGAT -

TGTTGAAAAT :AmAATAAT..'AGAAAccer "TACTGTGTAT GECGETGTCT CCITATATAA

ATTTCATGCA | GAARCGCGTG AAATGATIGCG “TOTGGGEGTC CATTTACAAC AACANAACTT;.

ACTACTTTTT -€ATTCTTCAC CAGCTGTCTA - GAACTAATTC AAAAGTTCAC AACCTA

TOLTTARS D

TTTCTCACTT. TCCTCTTATC ‘TACEAATCTC TCTTTITTTC TCCTATAAAT ACCATCCTTT.

LTt m e g

GCAGTATCAA -CCAACATTCT CACAAATAAC CAAAAACAAT TTCE

B s L LA “NEPY SR P I

ACAATTCTGC ATGGCATTTT .CAAGACTTIT ACTGTTAACA TGCATTG

- .-
S S S P AR AL T e AG

(2) aNFORMATION FOR SEQ T wos 677 TV TATT 0TI nnaT
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1406 base pairs I N

(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

o
X

(ii) MOLECULE TYPE: DNA (genomic) 2l s e

(vi) ORIGINAL SOURCE:.
(A) ORGANISM: Lycopersicon esculentum ;- .::,- 4 = -

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: T T P

AAGCTTGTTA AACTGATTTA AAAGTTCGTT TTTTAATATA TCAGAGTGTT TGATARTTAT

ey

T TICACACARA

.
5

420
480
540
1600

© -660

- 720 .

T 7180

.,960

1020

2080

€0

GAARGTAACT TATTTTAAAT TAAATATGAT “TTATTTTTAG CCAAAAGCTA ARAGTAAGGT & - 120

AAAGAGTGTT TTTTTTTCTA ACTTGAAAST TATTTTATGT TGACCAAATA TACAAGTATC -

TTTTTGCCTT AATTCTTTTA TTTTTTGTTT -TTTATTTITT ATTATTATAA GTTGCGCATA-

TAAAATTAAC TTAAGTAATT AATTTATATA TTTGTCTTAT GAATAATTTG ESATGATAAA

GAAATATATG AATGATGAAA-AATACTATTA CTTATIGATT AARATATAAA TTAATTTGTT

CTAACTCTTT TAAGTATAAA AARACTTAAAA 'TTARACAAAT TTTITTTCATG TTAACCAATT s

TAAAGGTATT TCAAATATTT TTATTTTAAA ‘AAGAAGOATET TTCOCCGOAT TTATTTRCOAR .

-~ a

T 230

~' 300

1127

ol

‘

7360 -

T 480 * -
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AACACATCAA
TCAAATATAA
ATAATTTTTT
TATARAATCG
AAARTTTTGC
TCCCCGTTAA
RATTATTTGA
TTAAAGTTGA
ARRATGACTA
AATAAAGAAR
ATCTATTAGA
CTGATTAAGG
ATTTCAACCA
ACTCAGTCCC
ATTGGGCCAT

CTCTGATTGG

(2) INFORMATION FOR SEQ ID NO: 7:

(i) SEQUENCE CHARACTERISTICS:
800 base pairs-. . ...2 i saun O

(A) "LENGTH::
(B) TYPE:
(C) STRANDEDNESS: double B

EP 0 818 532 A1

GAATCTTTTT TCAACTTCGA
TTTTT%GCAC TTTAAAAATC
AAAETAAJTA GACTTAITTT
AAAAAAACAA AAGCACGCGC

TCCTCGGTCT GAGGGTGACA

TTACTCCCCC. AATGTGCAAT

AAGGCTTTAA TTTAATTATYT

ATCAAATTTA GAATTACACT.

TGTACTCAAG. AARARTTAAA

TTTAAAATTT ATAAAAATAA

ATATTATIGT AATAAAATAT
ACGAAAGAAT AATCGTGGCT
CCCAAAATCT GAAAAATCfA
TTTTACACCT ATAAATAACC
ATTCATCATT ' CTCTAAAAMA

ATTTGTTTIT CTCACC

nucleic acid

CACTTTTATT CAAACATATG

TTTTTTTAAT TCAATCTAAA

TAAATTTAAT AATENTTTHT

TATTAGGTCG AGTGAGATGG

AGCCTTTTCT CTGAIACGGG

TACCCACTAA CTCTAACCCC

TTTTIGTTTT TCATTCCATC

TGTATITAGC ACTARAGTGC

TTTGAARTCA ACAGAAGAGT.

ACACAAAAAA TGTCTCARAG

ARAATAATATA ATTTITGCATA

GCACAATAAC CTTIGTTGGT

ACTT?GTTTC.AACTTTCAAC;

AGTCACTACA—CTTCCATTTT

N

AGAAARAAAG AAAAATA&AC'

(D) TOPOLOGY 11near

(11) MOLECULE TYPE: DNA (genom:u:)

(v1) ORIGINAL SOURCE-
(A) - ORGANISM: Nicotiana tabacum-

(xi) SEQUENCE- DESCRIPTION: SEQ ID NO: 7: ‘= & - -

AATAATTATT
TAGGCTCTTIA
ARARARATCO
A
caécrcgp;c

TCTTTTGGAC

TATACTTATA

TATATAATAA

[PIVRR -

CAIAATTTTT_

GAGATTAGAT,

TTCGAAGTTT

R ta s '

CACAAGTCCA, |

TCTAGAGTTA GATCCCGAAT AATTATCTTA CACCTATCCT ATCAAAAGTEG TATTTTCTCT

CATTGATAAC CTTCTTTGCT TATTCCTTGT TTCGATAATC ACTAGTCAAT AGATTTAGAT

TCGTAGTTAR TTTTAGTATT AATCATATAA ATCTCAACTG TTGATCCTCT ' TGGATAGCAA

TCAAGGTAGA AACTACGAGA ATACTGTTTA AATCCAATCC TTGTGGATAC GATATTATAC

52 ..

‘éCTeacecee, .

.,A-.'.CA' - !

.1080

540

600
€60

720

840

900
.. 960

1020 .

-

1140

1200

1260
1320
1380

1406

LY

60
120
180

240

780



th

10

15

TATATTATCT
AAGTTTTCTT
TATAGCAGTC
TAAGCGATAA
TATAACTTTC
GTCTCCGTTA
AGGCCARACA
mzxﬁc'crsr
TCACCCCCAT

TTAGCTTTAG

(2) INFORMATION FOR SEQ ID NO: 8:

(i) SEQUENCE CHARACTERISTICS._

(11) MOLECULE TYPE: DNA (genomlc)

EP 0 818 532 A1

TTGATTATTG AGCATAATTA AGTGTGTGTT TTGCGTTCGT TACAAAAGTC

GAAAATAARA ATTTCAAATT ATGTTATACT AITTT?IAAT AGTACTTTAC

AAAAAATATT TGGAACAAAA TGAAATTGTT ATAGAGGGGT TTAGACETTT

-is

TTAAAAGTGA AAAGCACGCG CT%TT%GGTC GAGTGAAATG AATGGGGTCA

CTCCTCGGTC TGAGAGTGAC AAAGCTTTTC TCTﬁAtGCGG GCATGTGCAT

ATTGCTCCCT m&&a—m TACCCAATAG ACACCGTCCCA’ ATTATTTAAA
CAAtcAc'ceA'mrc-f'cxc&' TTGTTTCAAC CCTGTGTTGA CGACCACAAG

TECTGECCRT  TRAGACCTAT AAATAATCAG CCATTTCCCT TCEATTTTCC

TGGGCCATAA TCCATTCCCA AACAAAGAT% A CATAGTTCTT “TCTGATTGGC

mmahcé‘

I3

o e e v a

A A Pk o R

P L. i
R S oo B N T I AR

(K)” LENGTH: 1138 base pairs - -- * =« 2°
(B). TYPE: nucleic acid

(C)- STRANDEDNESS ¢
(D) 'I’OPOLOGY

lznear

(vi) ORIGINAL SOURCE:

(A) ORGANISM:

Triticum

‘double S

x4 cLer x

aestivum

(xi) SEQUENCE DESCRIPTION SEQ ID NO: 8:

GCTTGACTTT
AGCTTTATAA
AGCATCATAG
AATCCATTGA
TCTAGCTGCA
CGGCTGGGTC
TCCTGATTGT
AGCCACTGTG
CCTTCGCGGC

ATCTGAAACA

AATCAAACCG
TACTAGTACT
ACTGACTGAA
AATGGAGTCC
GTACCTCGAC
CAGCACGACC
GATGCGAGTC
CTGTGTGTGA
ATCATCAACC
ACTCCTCARA

~——m =

GTAAAAGGCG

GTATATATAA
GGATAARATC
TGATAGAAGT
AGCTGCTTAC
TCCACCGGAA

CGACCGCGGC

-TECAACATGC

GACCTGACCT

TC?CAA@AAC

ATCTGACGCA.

AAAAGGCTGG

FRBUERI Bk ¢

ACTAAAAARA CGAAGGGBG'I’ ACTACATACT

TGCCACAGAA AGAJTTTAGb GGGGAGAAGG

GTTTTCACCG GCGGTGCATT GCTTTCAATC

ES P e

CCTAATCTAA TCACAGGATG AGCCCATGGA i

AGGAGCGGEC- ccngchs'x_‘ Ascsnsc,'gc -

AGGCGTGGCG TTGGATTTGG AGATTCGGGC

ACAGCCATGT GACCTGCATT GATTCCIGCC

GQAC§§GAAC GGATCAAAGC_TGGGQC;GGC,‘

_TCGTGTARAA ACAGGTTCAC AAAATAARCTC .

GAAATGAGCC TTCTATAGAG TAGAAGAAAC.

TCCGTCGAAT GAAATTCTGA TACTATTGCC

30¢
366
420

480

540

“600

660

720

780

800~

60
120
180

240

-600

660
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TCGATTCAAC

TGGCAAATAA

TCAACAATGC

CCTCGCAAGC

ACTCGATTGC

TTTATTTCGC

AGCTATAAAT

TACCAACCAG

EP 0 818 532 A1

ATATATATAC TTATAATCCA AACAAGAAAT CGTACTGTAC TCCGATCCGA

ATCAGTGGCA ATGGCAGCAA GTTGCGAGGT GTGCATGATC CGTGGATCAA

TTGATTTGCT CGCACTGGSC CAACCTGACA CGCACAAGAC AAGCATTGCA

ACCTCACTCC ACAGCGTCCC CATGCACTGG A'fGCAGCTGG CTCACTCATC

CATCGCTCGA TCCATCATGT TCATTTAGTG CCACGTCARA ACAGATTATT
CAAGCAACCA ATAATGTACT CCAAGAACCT ACGTACAGTG AGCTCACACT’

ACACACAGGC TTCTTCGTCT TCGCATCCAC CACTCGCCCA TTGTTTCTAG

(2) INF’ORMA'I‘ION FOR SEQ ID NO: 9"'

o ey o

(1) SEQUENCE CHARACTERISTICS-Fﬂ
(A) "LENGTH:" 173 base pairs. .

(il) MOLECULE TYPE DNA (genomzc)

(B) TYPE: nucleic acid

P L e e

(C). STRANDEDNESS: -double . -

(D) 'I‘OPOLOGY: linear-

DLUNID i s

(vi) ORIGINAL SOURCE:
(A).- ORGANISM: Oryza sativas:-

(xi) SEQUENCE" DESCRIPTION: SEQ ID NO: 9:

CCAAGCCAAG AAGTAACAGA GAAGGAGGAR GAGAGGC(;GG CCGGCGAA ‘:

O

CTTCAGCATG CACATCAAGC TCGTCGCCGG CGACTCCGCC GGGACCGTCA CGGCCTTCTA

CCTGTCGTCG CAGAACTCGG. AGCA‘CGP.CGA GATCGACTTC GAGTTCCTGG GGRACAGGAC

GGGGGAGCCG TACATCCTGC AGACGAACGT, CTTCTCCGGE GGGAAGGGGG ACC . -

(2) INFORMATION F‘OR SEQ ID NO 10'

[ e

(1) SEQUENCE CHARACTERISTICS'

-

{(A) LENGTH: 98 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: double ;| ..

(D) TOPOLOGY llnear

(ii) MOLECULE 'I'YPE DNA (genom:.c)

(vi) ORIGINAL SOURCE:

PR

(xi) SEQUENCE DESCRIPTION:.SEQ.ID NO:-10: -

(A) ORGANISM: .Zea mays -

O

TGAAGCTCGT CGGCGGCGAC TCCGCGGGCA CCGTCACGGC CTTCTACCTG TCGTCGCAGA

L WR ¥,

720
780
840
900
960
1020

1080

1138

. 60

120

: -173

60
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ACTCGGAGCA CGACGAGATC GACTTCGAGT TCCTGGCA

(2) INFORMATION FOR SEQ ID NO: 11:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1130 base pairs
(B) TYPE: nuycleic acid
(C) STRANDEDNESS: sirigle* -

(ii) MOLECULE TYPE: GDNA_to mRNA

(vi)

(D) TOPOLOGY: linear

ORIGINAL SODRCE:
(A) ORGANISM: Vigna ‘angularis’

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11:

GGTTTCCCTT
AGCCTCTGCT
CTACATTCCC
ACTTCATCTT
TCACTTCAGC
TTATTTATCA
AACAGGACAA
GCARAGAATC

GAACATGTAT

GAATGCTGAT

ATTCGTAGCA

GTTCTGTGCC

CTTTCAGTGG

TGACAGAACC

TTTCATCTGC

ATCATTTACC

AATGTGTAAT

TGTTATGTAA

GTTAACATGG
GCACTCTGTG
ACATGGGCTT
GACAAGTACA
ATGAACATAA
TCTCAAAACG
CCTTACATTT
TATCTTTGGT

ELETRE

CTTCTCCTTf”GTTGAITTTG
CGGCCCCACG GAGACCAGTG
TCGATCACAT CAAATACTTC"
CTGGCACTGG TTTCCARACA
AGATGGTTCC TGGTGATTCA
CGGAGCACGA TGAGATAGAC
TACAGACAAA TGTGTTCACT-
TTGATCCEAC ABMAGCGTAT

TCCTAGTGGA TRACATCCCA

GGAGTGAAGT TTCCCTTTAA CCAACCGATY

GATTGGGCCA
GAGTACAAGG
ACACAGGGTA
CGAAGACTCA
CGCTACCCTC
TGTTTTTATC
AGTTACCATA
TAAGGCCTTG

TTCTATTCTT

CAAGGGGTGG T‘I'I‘GGAGAAA
GGTTTCATGT TGA‘I‘GGGTG‘I
AGAGATGGTG GGATCAAACA .
AATGGGTGCG TCAGAAATTC
AACTTCCACC AGAATGCAGA
ACTTATTTCT G'I‘G'I'TCTACA
CTTTATTCCT ACCATTATTT
GGGTCTGAAT ACAGAGGAAA

ATACTPGGGC ACCACCAATA

N SRR o LA S
TGT(.‘I'I‘G'I'I'C TGG'I'I'I‘CGCT

ITL ST

GA’I‘GT'I!CCAT 'I'I’GGCHGEAA

AAAGGGTCCT ATCTG'I'I'I’GG

AL 3.7

GCTGGCACAG 'I‘CACTGCI'I'I‘

STmEt T e

TTTGATTICT 'iﬁGGGAACAG

CACAGATATYS CTGTACTATG

ATCAGGGTGT. TCAAGAACCT.

AAGGTTTAGA ACAGTTTATGT

AC.AGA‘I'I'GGT CAAAAGCTCC
2 ERS:

GAGGC‘I'I'CAG TGAA’I'I‘CAAG

A
Py

GAG’I'I.'PCGTG A’I‘C’L'I‘GA’ITC’
A BN =
RCCATC'I:KCA H.'I'ACTGCAC

AGAAACCGTG ACA'I'I‘TAAAT

ACAACTTT CT CAC'I‘GCA'I'I‘C

A'I'I‘ACCA’I'I‘G TATTGTTTGG .

CTCTATAATA "AAACTACGTA

ATGTAATATT

Do SR

98

-60
120
180
240
300
360
420

. .480

7540

537600

660

720

780

840

900

960

1020

© 51080

"1130.
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(2) INFORMATION FOR SEQ ID NO:

EP 0818532 A1 .

12:

(i) SEQUENCE CHARACTERISTICS:

(ii) MOLECULE TYPE:

{A) LENGTH:
(B) TYPE: nucleic acid
(C) STRANDEDNESS:
(D) TOPOLOGY: linear

(vi) ORIGINAL SOURCE: :
(A) ORGANISM: Vigna angular:.s o .

1068 bas paics

single

CDNA TO mMRNA

(xi) SEQUENCE DESCRIPTICN: SEQ ID NO: 12 e -

CAGAAAATGG
GCAGTTTGTG
ACATGGGCTT
GACAAGTACA
ATGTACATAA
TCTCAARACG
CCTTACATTT
TATCTCTGGT
CAGATTGTGT
ASASTGARGT
GACTGGGCAA €
GGGTACAAGG
AcaéAcécqg
CAAAGACTCA
CGCTACCCTC
TTCTGTTACE A
TCAAATCTAT

TAAATAAACA

(2) - INFORMATION FOR SEQ ID NO: 13:._

TTTCTTCTTT GTGGACCGTG
CCAACCCGAG GAGGCCAGTG
TTGATCACAT CAAATACTTC
CTGGTACTGG CTTTCAGTCC

AGATGGTTCC TGGAGATTCA

CGGAGCACGA TGAGATAGAC

TGCAAACAAA

'I‘G'I'G'I'I‘CACC

o Cerage S e

'I'I’GACCCCAC

e
- - .

TCTTTGTTGA
TTCCATTCGA

CAAGGGGTGG.

GGTTCCACAT

AGAGA’I‘GGTG

- - ~n

AATGGGTGCG

AACTTchcd

A’I'I'I‘AC'I'I'I'I‘

CCATI‘GCC.AC

CAAAGCATAT

CGA’I‘G‘I‘GCCG

CCAACC'I'A'I‘G

—~— e ve

fre e e faeta

TTTGGAGAAA
ea,;;cgerec
GGACCAACCA
TCAGAAATTC
TGAATGCAGT
ACCAGAITGT

TI'I‘A’I'I’I‘ATG

TAGAAAAAAAN A7 v

TCTC'!‘GATAT TGGCA'I‘CGCT

GATGTACAAT TCGGTAGAAA

AATGGTGGTT CTGAGATTCA
AAAGGGTCAT ACTTGTTTGG
GCTGGCACAG TCACTGCCTT

P RO Gv.'_ - .

CACAGATACT C'I‘A'I'I‘CI‘CTG

ATCAGAGTGT TCAAGAACAG
AAGCTATACA ACAGTTTGTG

ACAGA’I‘I’GGT CGAAAGCTCC

GAGGCCI‘CI‘G TGACCG(_'I‘AA

. GAGTTTCGTG ACCTIGACGT
C ACCATCTACA ACTAGTGCAC
- AGABACCGCG ACATTTAAAT
Tcrcgcrffc ATGTACAATT

AA'I'I’GAAATT 'I'GCI'TCAGAT

AAAAAAAAAAAAAAAAAA

- {1) SEQUENCE- CHARACTERISTICS: - - - - e
27 base pairs
(B) TYPE: ‘nucleic-acid

(A) LENGTH:

'GGCCTCTGCA
"CTACGTTCCT.

ACTTCATCTT

CCATTTCAGC

CTATTTATCT

o -

AACAGGACAA

SCARAARTC

GAACTTGTAT

GAATGCTGAT

TITCETAGCA

GTTETGCGAC
CGCTCAATGG
TGACAGAARA
TTTCACATAC
TTATATCACG

60
120

180

240

300

360

‘420

600
660

720

780

8407

"~ 900

960

1020

1068

480

540
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(C) STRANDEDNESS: single . ’ .
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid (synthetic -DNA)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: RO i

GATGAGATAG ACTTYGAGTT CTTGGGR TeroT ATl T 27

{2) INFORMATION FOR SEQ ID NO: 14: R A AU A o'

(1) SEQUENCE CHARACTERISTICS:- ~ ~ "~ o= .:1l%
(A) LENGTH: 1017 ba.sz Pa}-r$ ..
{(B) ‘typg nucleic Fcid - - N N
(Q). S'I'RANDEDNESS, single = .~ .
(D) TOPOWY Ilnear ". ER O .", e LA L

(1i) MOLECULE TYDPE: DMK €0 MRNA

(vi) ORI'GfﬁAL' ;Sbmcﬁ:i“.‘-“ SR LAIT TTRAS Dmpanie Do SdTTaTLT,
(A). ORGANISM: Vigna angularis

>
-~ s I ol Yo

[ R R N

(xi) SEQUENCE, DESCRIPTION: SEQ ID NO: 14
e SO VTRERTENSIT L toazes L

e Bl N

[ SO E. —‘“\.x.'x

GAAACAATTT CAC;I‘,CAGJ’?T CACACAAMC AA'I'I‘CTGCAT GGCATTTTCA AGACT'I""IAC 60

TGTTAACATG CATTGTTGGS TATTTTCTGA 'I'I‘GCC.‘I‘C'I‘GC ATCCAA'ITI‘C TA’I‘CAAGA’I'I‘ 120

e e s T URRLE e LIAT AT Tl

TTGAAATAAC C'IE.GGGAGAT GGTCGTGCCA J}GACAC'I:AAA CAAT(:.;GCGAC C'I'I‘C‘I'TAC'I'I‘ 180

TETCICTTGA CAMGCCICT GSCTCCGGCT, TICASTCAAA GAATGAATAC CTTTTTGGCA 240

[Shetd .. N .

AARTTGACAT GCAACTCAAA GTAGTCCCCG GAACTCTGC TGGCACCGTC AC’I‘GCC’I‘A 300

& Ll R

ATCTGTCTTC AAAAGGAGCA ACGTGGGATG AGA'I'I‘GAC’I'I‘ TGAA'I'I’C'I'I’G GGGAATI'I‘GA 360

e ez RN - [ - Aalo oL Rofal

GCGGTGATCC 'I'IACATI‘CTC CACA_CCA@\CG 'I‘G'I'I'I‘AGCCA AGGCAAGGGT AATAGGGAGC 420

K

A e el TS, S

AACAATTCTA CCTCTGGTTT GACCCAACTG CTGATTTTCA cacc'rzn'rcc ATCCTC"I‘GGA 480

ACCCTCAACG TATTGTATTC TCTGTGGATG GAAC'rchA'r AAGGGAG'I'!‘C AAGAACA’I‘GG 540

e o

AGTCAAAGGG TGTTCCATTE CCCAAAAAQC AAGCAATGAG GATATACTCA A_GCC'I'I'I‘GGA 600

- < . .— PPN C~f .

ATGCAGATGA 'I'I‘GGG(;CACA AGGGG._Z_A_QG@C 'I'I‘GI’I‘AAAAC CGA"'I’GGAGC CAAGC'I‘CCAT 660

TCACGGCTTC ATACAGAAAC TTCAATGCCA ATGC'I'I‘GCAC TGTGTCCTCT GGAACT‘I‘C‘I'I‘ 720

A PN e A -

CTTGTTCAAA CTCTGTCTCT TCTCCCAATG C'I'I‘GGCTCTC GGAAGAA'I'I‘G GAC'I‘CTACTA 780
ACCAGGAGAG ACTGAAGTGG GTACAGAAGA ATTACATGAT - €TACAACTAT-TGCACCGACG- 840

CCAAAAGATT TCCACAGGGC CTTCCTACAG AGTGCAACAC Tééci'mm"'rrmmcm' 900

TCCTTTCCAT GCTCCACTTT CTTTTTTATT TCTTOTRTTR TACTTTOCAT CATGATCAAT Y60

ey Y 2
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TCTTTTATTC ATTGTAARAAC ATTGCTATCA TGATAAGTTT TCTTAAATAT TTCATAA

(2) IN'FOR.MATION FOR SEQ ID NO:

15:

(1) SEQUENCE CHARAL'I‘ERISTICS

(A) LENGTH: 588 hase pairs- s
(B) TYPE: nucleic acid
(C) ‘STRANDEDNESS: .single B S
(D) TOPOLOGY lxnear

(:.1) MOLEC'ULE TYPE cDNA to mRNA

(vi) ORIGINAL SGURCE:

(xi) SEQUENCE DESCRIPTION: SEQ-ID NO:

GATGAGATTG
AATATCTACG
TCCGCGGATT
GATGATTTTC
ATGCAGGCTA
GGATTGGAGA
ATTGAAGGGT
GAAGGAGCTA
CTTAACCATA

GAGTGCCTTG

{2) INFORMATION FOR SEQ ID NO: 16:

(2) ‘ORGANISM: Vigna angularis .. .. ~ 7.7 :

15% e -

ATPITGAGTT CTTGGGGAAC CCTAGTGETC AGCCTTACAC AGTTCAGACA

TTCACACCTA
CCATTAGAGT
TGGGAGTGTA
AAATCGATTG
GCCCARGTCC
CATACCAAGC
TGATCTATGA

CCGGCATTTA

‘CACTATCATG

TTCGACGTTG
GAGTAAGGCA
AGGACCTGCT
TCTTAATGCC

TTACTGCCAA

- AACCCARGAA

.GAGCAARAGGG TGAACCTCTG GTTTGATCCT
TGGAATCATC ACCATATTGT GTTCTACGTT

AATGAAGCGA ABGGAATCGC ATACCCAAAG

TGGGAAGCTG ATAACTGGGC AACAAGAGEG

CCATTITATG CATATTACAA GGACTTTGAC

- - -~

AACTGTGCCT CI'AATCAAAG TAA'I'I‘GGTGG

ATGGAAGCTC' GAAGGTACAG G'I‘GGGCTCG’I‘
GATARGCCAA GGTACACGGT CATC_CCACCA
CTCAARATCA ATCTCATG

~ - - er me o mee s

(i) SEQUENCE CHARACTERISTICS:
B54 base pairs

(ii) MOLECULE TYPE: cDNA to mRNA

(A) LENGTH:
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(vi) ORIGINAL SOURCE:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16:

(A) ORGANISM: Nicotiana tabacum

CTGTCTTTGG ACAAAGTTITC TGGCTCTGGT TTTCAATCTA' AGAAAGAGTA -TCTCTTTGGG

1017

360
420
480
540

588

60



10

20

30

35

45

50

55

AGAATTGATA
TATTTATCTT
ACTGGTGAAC
CAGCAATTTT
AAACCCCAAC
GAATCCATTG
AATGCTGATG
TTTACAGCCT
GAARAATGGC
ASGAATTTCA
CCAGAATGZA
TGTGGTTTTA
TGTATCTTTT

EP 0 818 532 A1

TGCAAATCAA ACTTGTTGCT GGAAATTCTG CTGEAACTGT CACTACATAC

CTCAGGGACC CACACATGAT GAAATTGACT TTGAATTCTT GGGAAATGTT

CTTATATTCT CCACACAAAC ATTTATGCCC AAGGCAAAGG AAACAAAGAG

ACCTTTGGTT TGATCCTACC AAGAACTTCC ACACCEACTC-%ASCATRTGG-.

LI

ATATCATTIT TTTGGTCGAC AACACACCAAJUH“H“?PIER.CKRGAATGCT

et ER
GTGTGCCATT TCCCAAGAAC CAGCCCATGA GAATTTACTC TAGCCTTTGG

HAES 20

ATTGGGCAAC AAGAGGAGGC CTAGTGAAAA CTGATTGGTC TAAAGCACCA

ACTATAGAAA mcmrrcr CAAACTTTTX A.GCAG'I!;I‘GACA .A'Clmk\'f
AAAATCAAGA ACTTGATGCC AATGSCAGAA GAAGACTCAG; ATGGETECAG

TGATTTATAR TTATTGTACT GATTTTAAGA “GATTECCPCA “GGETTTFECT: -

AAAGATTTTG AGTGATATTA GTISETITIT GIGTAATEGT TRGAFQTGTT.~
TTITIGTTAGA TTATAGCAAC, CAAAATAAAT ~GEATEFTTCT CGITIIATTT ..

TQGAAGCTTG TAGTTCATCT, TOPATCTAAT TEGETTGATA - TCCTTTATGA .

R e P TIPS
PR IR,

Sy T CUSTT e e, B

(2) INFORMATJON FOR SEQ ID NO 17

00D o

BRI S EEE ST NN T e LN

Y SEQLENCE CHARACTERISTICS mReLTA T ETO I
(A) LENGTH: 20 basepan:s. S o EE T Y T

(B) TYPE: nucleic acid
(C) STRANDEDNESS:.single = .
(D) TOPOLOGY: Iinéar -~ - -~ - ==

e ——
L Y e

(11) MOLECULE TYPE: Other nucleic acid’ (synthetic DNAY T

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17:

. ,-
ACACAAAATA CCAGTTCTCA
et e R
(2) INFORMATION FOR SEQ ID NO: 18: TR s =
EPSR <R3N
(i) SEQUENCE CHARACTERISTICS: oEczl ~
(A) LENGTH: 227 base pairs
(B) TYPE: nucleic acid enoo i -
() STRANDEDNESS ; double
(D) TOPOLOGY: linear U
(ii) MOLECULE TYPE: DNA (genomic)

(vi) ORIGINAL SOURCE:
(A) ORGANISM:.Vidnafangularﬁ:

e -~ -

120
180
240
300
360
420
480
540
600

o, 660

-.780
. 840

~-854
. -l .
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{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18:

GAATTCTGTG ATCI‘AGTCCT ACTATI‘CAAA CACTTTTAGG CCAAAGAAAA TTGAAACACA

ARATACCAGT TCI'CAAATAC AA'I’GAACA’I'I‘ A'I'I'AA’I'I'ATA ATTCAG'I'I’AA AAGTCA‘I'TGA

TCAGAACAGC AGTGAAGGTT "AGCTA'I:AAGC GCGTTATAGG TGCAGGCAGA GTGICGTQCC

TATATATACC CI’I’I‘GG.AATG.CAC_AAG‘I'I‘GA, AAQACAI_&AAG AAARATG

hrm e P

(2) INFORMATION FOR’ SEQ ID NO: 19.

(i) SEQUENCE CHARACTERISTICS.
(A) LENGTH: 290.base paxrs
(B) TYPE: nucleic acid ‘
(C)~ STRANDEDNESS : double.,
(D) TOPOLOGY: linear e

K IR - P

(ii) MOLECULE TYPE: DMA' (genom:.c)
(vi) ORIGTNAL SOURCE:
.~ (R). ORGANISM: Vigna angularis ..

.. TotEroe —

(xz.) SEQUENCE DESCRIPTION SEQ 1D NO T

R L o v—

ACTC'I'I'I'GTA A’I'ITI'ATCGA AGAG’I'I‘AGTG TGCAA'I'AGAA A'I'I'I‘AACAI'I' GAGTAT’I’I‘AC

AATTG’I'I‘AAA ACTATACA'I'I‘ CACI'I‘CA’I'I'I‘ TCATGCA’I'I‘T ATAAACAT’I’I' CAA'I'I'I‘CAAT

TTCATGTTAA AATC.AACTCA AAG’I‘AATAC'I’ CAAATC'I'I‘AT TCCI‘AGTGAC 'I'I'I'AATATAT

'I‘G'I'I‘AAC’I'I‘A TCAAle.lLA A.l .I.L.(,l .LL.AA TCATCAACAA GCAATCAAGK AT'I'AAG'I'I‘CA )

T emlee P
PR O

, -~ o - -
PR cn ST L.

(2) INFORMATION. FOR .SEQ ID NO: 20: - ~r-
.{i) SEQUENCE CHARACTERISTICS: . ---

{(A) LENGTH: 1654 base pairs

(B). TYPE: nucleic. acid e

(C) STRANDEDNESS : double

v.ove (D). TOPOLOGY: ‘lineéar .. .. . _ 7-°.

-(ii) MOLECULE TYPE: DNA (geromic)y .- .. -~

* (vi}) ORIGINAL SOURCE: - %~ .. oo
(A) ORGANISM Vlgna angularls

-(xi) SEQUENCE DESCRIPTION: SEQ ID NO:-20% .

AAGCTTTTTG CACATATTTG CAGCAGTAGA CAATGCCACT CGCTGARAAR

60r:

AGAGTC'I'!‘AA GA'ITACTAAT AAATCATG'I'I‘ CTATCCCTAG ATATAAGCTT

v -

TATGATCTCC

60

120

180

227

60

120

180

240

280

60
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CAGAATTTTG
TGACATCAAA
CCT'I‘A'I‘C’I'I‘A
TAATTAGACT
ATCTATTGAA
TAAATTTTAT
TAATAATATT
ACTTTGARAT
TGTCACGTTG
CCCATCTTAT
GCAATAACTA
TCTCCACTTT
GAAAGTAGCT
ARAACACTTT
CCATATTTAG
TTTTAACATA
TCAGTTATTC
AATTTTTTAT
ATTCCTCCAA
GGTAAGTTGT
ATATAAAATA
CTCAAAAGAA
TTTTTTACTG
TTAARATTAR
ACACAGAAGA
ATGAACTGAG

GCTACCTAAT

(2) INFORMATION FOR SEQ ID NO: 21:

GCACARARAA
TGTTTCAATT
TTTAATTAAT
ACTCATAAJ.-\T
AATATCACGT
ATTTATAAAC
ATAAGACAAR
ATTATATTGT
AGATGAGTGG
TCTCTGTTCA
CAATATCCTC
CATCAATACA
TGCAAATTTG

TTGRAAATAC
GACTTCGETT,
GTTTTCATGT
TACTATAATT
AAATATTCAT
TAGAAAAGTT
AAAGTGTTAG
ARCATTTAAA
CATTCAATAT
AACAACAAAT
AGATTTTACA

CACTAGAARA

EP 0 818 532 A1

CTAATATTTG ACTCTATCTA ABATACCACC

TATATCCTAA 120
'I'I’A’I“AGTC'I'I‘ IAGCACGAGA AGATGTATAT TAGATATAAA 180
TAGTAAGAT TGAATTAGAG GTAAATTTTA TTACTTAATA 240
ATA'rAAAm'AAA‘Ii‘fT;AG TGTTCRTTCC AATATATGAA 300
CAACTAATAA TATAACAARA ‘CTATAATATA -AARATAAGTA 360
AATTTTGACA TTARATTAAA CTTARATTTA TCTCTATTAA . 420
TTACTCTGCT AAAATACAGA ARACAATATA TTTITTIGAA 480
TGGATGATGT TGGATAATTA GAAAGGACAT —ermmm 540
CCCATTGCAC TGAAAATGAC mgaxrgc 'rz;c)tzrc:rc:wr 600
ATTTTTTTCA CTTGARRACT CTTTTTCCCT RTGGRAAATA 660
GTTTCTTCIT GTTAGCTCTT GGc:rAc:AAcr G'rc'rrcxrcr 720
ATTCCAAACA GAATATACTT- AGACCCTTCT: de'rAchA 780
CTTTGTTTCC GACATACACT TCAATATGAR AAARARARAA 840
T%AAG_TAT_ TAAGTAGGAT mcgﬂcﬁcmgmnmmi " —_édo
ATACAARACG TATTTGAAAG, T;rAT};T;I:(;GQ 'I'I’GAA'IT'I‘GG uéso
AACCAAATTA AGTCCATACT TAAGCATTAR TA‘I‘AAATA’I'I‘ f 020
TCACGTCTTG CCAT n:uu‘ ACA’I:GT&;.TAA 'rA:c&:rc;A;rr " 1080
TCACGTLTR® R el i

QTCTTTATCC ACTCCCTTTA 'I'I'I'I"I‘ACA'I'I‘  ATAATACCAC 114 0
crrAAGA'rA'r Am-;'em;&;':" TAATA;cf;A TGATACATAA 1200
AGA‘AAAAATA ARATGACTTT TCAAGAAAAC GAACRRCTAA'. ...1260
ATTTACAATT TTGTCCGTTA RCATGTCCAS ATATTACACT. '~ 1320
AAAAATCATA TAARATAGAG z-rcm-zlrcr 'mmsm-r 1380
ATATATATTG ATATTGATTA TTCATTITIA IAAATATATT ; 1440
ATATATTTTA AAATTAACAT-TCAATATATA TATTTTAAAG ' 1500
TCCATAAAAT TGTGAGATAA TATTTAACCC “TRACTTTCTT @ 1560
ITATGAGAA ATGATTGTCC TGTGTTAATT ATC‘(,ZATGTCA 1620
GOTAATCAGA ATTC: .4 © 7 "ToooTioToorTiTiT 1654
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(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
{B) TYPE: nucl ic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLRCULE TYPE: Other nucleic
(xi) SEQUENCE DESCRIP'?ION:_ SEQ' ID

GAAGTAATAC TCAAATCTTA TTCCTAGTG _

{2; INFORMATION FOR SEQ ID NO: 22:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(44) MOLECULE TYPE: Other nucleic

{(xi) SEQUENCE DESCRIPTION: SEQ ID

CTCATTTITC TTTIGTGTTT CAACTTIGTGC

3

(2)° INFORMATION FOR SEQ ID NO: 23:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Other nucleic
(xi) SEQUENCE DESCRIPTION: SEQ ID

ACAAGCAATC AAGAATTAAG TTCAAGAGTC

(2) INFORMATION FOR SEQ ID NO: 24:

(i) SEQUENCE CHARACTERISTICS: .
(A) LENGTH: 30 base pairs
(B) . TYPE: nucleic acid . ....
(C) STRANDEDNESS: single’

. -

. (ii) MOLECULE TYPE: Other nucleic
[N P c = . %4 - - . ..
.- (xi) SEQUENCE DESCRIPTION: SEQ ID,

TAATAATGTT CATTGTATTT GAGAACTGGT

(P) TOPOLOGY: linear . . ..

acid ’(synthetic DNA)

NO: 21:

acid- (synthetic DNA)._ _ -

NO: 22:

acid . (Synthetic. DNA).

NO: 23:

O - Coet .

acid (synthetic DNA)

NO: 24:

29

30

30

30
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(2) INFORMATION FOR SEQ ID NO: 25:

(1) SEQUENCE CHARACTERISTICS: . S
(A) LENGTH: 30 base pairs - o

(B) TYPE: nucleic acid
(C) STRANDEDNESS:. single o -

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Other nucleic acid (synthetic DNA)

A M. e

(*i) SEQUENCE DESCRIPTION: SEQ ID NO: 25:

GATTACTAAT AAATCATGTT CTATCCCTAG Towm oLt s
el TToTaTTIewsn 1o
(2) INFORMATION FOR SEQ ID NO: 26: ciig as o am
(i) SEQUENCE CHARACTERISTICS: LT ms - )
(A) LENGTH: 30 base pairs PO S G oD A

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single-..- ~* U . <« 20 . 37 U720

(D) TOPOLOGY: linear

2 AU S Rl S (- S o
(ii) MOLECULE TYPE: Other nucleic acid (synthetic DNA)
2l TIUSAT TIToTLrTIT

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26:

AAAGTGTTTG AATAGTAGGA CTAGATCACA N Y
BT SR A
(2) INFORMATION FOR SEQ ID NO: 27: Toln s f LTS
(i) SEQUENCE CHARACTERISTICS: R
(A) LENGTH: 1744 base pairs AL SN T
(B) TYPE: nucleic acid A o
'(C) STRANDEDNESS: double™ =~ --%-2. 173 & .. &. 7w
(D) TOPOLOGY: linear
N . . L. - R DO - .
(ii) MOLECULE TYPE: DNA (genomic) . .
R W ¢t .
(vi) ORIGINAL SCURCE:
(A) ORGANISM: Vigna angularis . g e
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27:° =~~~ = '~ -

AAGCTTCAAG TAAGTCTCTG TGATATGTAT GCAAGGGTTC GAAATGAGAA GAAGGCCCTT

CAAATTCTAG GTGTACTGGA ATCTAGGAAG GATGAATTAG GAAAAGCTGA TTTTGAGAGA

ATTATAAGTG GCCTTATTGA TGGTGGGTTT CGGCAAGATG CCCAACGAAT ATGTGGGATC

ATGGAGGCGC AGGATTTCGA TGCATCAAAG GTTAAGGTCA ACCTTATGAA GCCTGTCTCT

AGAGGACCTC GTATGAGATA GTTTAGTGGT CATGAATTGG GACATTT TAG TCTTTCTCTG

30

30
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CAAGTGAGTT

CATGTAACAA

ACAAATGTAT

ATAAGAATGA

ACGCAATTTT
ATGTTCATGG
GTTAGGCAAA
TACTATACTG
TTCAAGCTAG
CTGATATTTC
TAGTCTAGAC
TGCAATCATG
CCGACATACA
TAAGTAGGAT
TATTTGAAAG
AGTCCATACT
CCATTGTTTT
ACTCCCTTTA
ATGTGAACAT
AAATGACTTT
TTGTCCGTTA
fAAAArAGAG
ATATTGATTA
AAATTAACAT
TGTGAGATAA
ATGATTGTCC

ATTC

(2) INFORMATION FOR SEQ ID NO: 28:

P A5 U g Ay A G A Nt
AATTTTCATT
TCTGACAGCA
ATCACAAGAT
TCTTTAATAT
AAARTCACAT
TGTGAATGCA

CTTARTGTAA

N

CTTCAATATG
TTGACGGCAG
TTATATCCGA
TAAGCATTAA
ACATGTGTAA
TTTTTACATT
TAATATCTAA

TCAAGAAARC

ACATGTCCAG

TTCAAATTCT

TTCATTTTTA

TCAATATATA

TATTTAACCC

TGTGTTAATT

.

EP 0818532 A1

TACCTTATAT
ATTTGTTITAT
TGAACTTTAG
TCCAATTATT
CTGATGCCCC
ACAAACTAAT
TGAGATAGTA
xrrAAAGCTA

GTATTTATAC

TATGAATTGA

AAAAAAAAAA
Ayrrrn:rf;
TTGAATTTGG
TATABATATT
TACTTCAATT
ATAATACCAC
TGATACATAA
CAACAACTAA
AIA&TA&A;;
TTGTTAGATT
TAAATATATT
TATTTTAAAG

TAACTTTCIT

ATCCATGTCA

AGGAAGCAAT GTCTGCATGA TTTATCATAC

GGATTTTTCC ATTGCTCAGA TTCTGAATTT

TTGTTTGTAT ATACAAATGT CTTCTGTGGC

CAATATTCTT GTGGTGTGAT CATCACTTTT
CTATCAGGAT TTTTAAACTT GTATGCGGTA
ATAAATGGAT AGGARATGCA GATGGGATGG

s

CAGAAAATGC AAIGCCCAAA GTAAACAACG

AAGTTGGTAG CAACTAGCGT GAGAGCATCC |

- v

ACTACAATGA TCTAAAT%AG AIGCTACTAA
TCTAAAGTAG CTTGCAAA!T TGCTTTGTTT
AAAACACTTT GAGAACTTTT TAAAAAGTAT

CCATAITTAG TTGAAAATAC ATACAAAACG

TTTTAACATA GARRARATTE AACCAAATTA

TCAGTTATTC GACTTCGGTT ?CACGTQTTQ

AAJTTTTTA?,GTTTTCATGT.CTCTTT@TCCUt

ATTCCTCCAR TACTATAATT CTTAAGATAT '

GGTAAGTTGT AARATATTCAT AGABAAAATA,

AIAIAAAATA_:AGA@AAGT? ATTTACAATT

CTCAARAGAA ARAGTGTTAG, ARAAATCATA

TTTTTTACTG AACATTTAAA AEATAIESTQ

TTAAAATTAA CATTCAATAT ATATATTITA

ACACAGAAGA AACAACAAAT TCCATAARAT

ATGAACTGAG AGATTTTACA TTTAJGAGAA

GCTACCTAAT, CACTAGAAAA GCTAATCAGA

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 8 amino acids

(B) TYPE: amino acids
{C) STRANDEDNESS: single

360
420
480

540

. 600

660

720

780

840

S00

"'gé0

1020

‘1080

1140
;200
1260
1320
1380

1440

.. 1500

1560

“1620

1680

1740

1744
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(2)

GGAAGC'I'I‘GA A’ITCI‘GTGAT CTAGTCC'I‘A

(2)

GGTCTAGATC CAAAGGGTAT ATATAGGCA

(2)

INFORMATION FOR SEQ ID NO 29.

-INFORMATION FOR-SEQ_ID NO: 31: .

EP 0 818 532 A1

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28:

Asp Glu Ile Asp Phe Glu Leu Gly
1 - T T

(:L) SEQUENCE CHARAC'I'ERISTICS.
(&) LENGTH: 79 BasSe pairs..”. .-
(B) TYPE: nucleic acid
(C) STRANDEDNESS: -single - ¢ .l.-
(D) TOPOLOGY- linear

.- - [

(1i) MOLECULE 'I'YPE _Other nucle:.c acid (synthetlc DNA)

SN O Tl N P

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 29:
- ER R R Ve

INFORMATTON ‘FOR “SEQ ID NO: 30: “#7-:-17

") SEQUENCE ‘CRARACTBRISTICS: -
(A) LENGTH: 29 base pairs

(B) TYPE:Y nuc¢léic.acig -~ - - 577"
(Cl. STRANDEDNESS: single . _ . .

(B TOPOLOGY: "1inear

e e e

*(if) MOLECULE TYPE: Other nucleié” adid (syhth’é‘tic DRAT-Y - TS

xi) SEQUEN'CE DESCRIPTION ss:Q 'ID NO: 30:°

SIA Ul =

(i) SEQUENCE. -CHARACTERISTICS:. -
(A) LENGTH: 30 base palrs
(B) TYPE: nucleie- acid -
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

,"’,.

S AATIOTLL I - -

ELE PR S

.....

(ii) MOLECULE TYPE: Other nucleic acid (synthetic DNA)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31:

ATCCACTGGT CTCCGTGGGG CNGCACAGAG

(2)

INFORMATION FOR SEQ ID NO: 32:

30
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(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 30 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Other nucleic acid (synthetic DNA)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32:

. . - PR, - -

AACTTTCTCA CTGCATTCAT CATTTACCAG - - - R 20

(2) INFORMATION FOR SEQ ID NO: 33:

(i) SEQUENCE CHARACTERISTICS: LT LT e
(A) LENGTH: 30 base pairs _ )
(B) TYPE: nucleic acid S ST S . '
(C) STRANDEDNESS: single R
(D) TOPOLOGY: linear - o

(ii) MOLECULE TYPE: Other nucleic acid (synthetic DNA)> - = !
(xi) SBQUENCE DESCRIPTION: SEQ ID WO: 33z - - -~ LT ou

AGGCTAGCGA AACCAGAACA AGACACARAA® - = ' 7. - :7in wof o 7.5 7 30

(2) INFORMATION FOR SEQ ID NO: 34:

(i) SEQUENCE CHARACTERISTICS: B
(A) LENGTH: 30 base pairs .- . e .
(B) TYPE: nucleic acid e “

(C) STRANDEDNESS: single © e
(D) TOPOLOGY: linear

(1i) MOLECULE TYPE: Other nucleic acid (synthetic DNAY - -’
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34:- - - - "0 .. 77.7

e aw . -y

CATACTTTAT TCCTACCATT ATTTATTACC - T L TR R Y |

(2) INFORMATION FOR SEQ ID NO: 35:

(i) SEQUENCE CHARACTERISTICS: oTme .
(A} LENGTH: 31 base pairs e .
(B) TYPE: nucleic acid Pooemreihe T
(C) STRANDEDNESS: single IR -
(D) TOPOLOGY: linear eeE TR

(ii) MOLECULE TYPE: Other nucleic acid (synthetic DNA). - e

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 35: &

AATTTGGTCT CAACTGCAGT TCGTCAACCC G~ - - ST 31

66 2
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(2) INFORMATION FOR SEQ ID NO: 36: -

(i) SEQUENCE CHARACTERISTICS: S -
(A) LENGTH: 31 base pairs - .- .
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single

(D) TOPOLOGY: lineax .-. - L
(ii) MOLECULE TYPE: Other nucleic -acid (synthetic DNA) . . ..
(xi) SEQUENCE DESCRIPTION: SEQ ID Nd: 3615 0 g mgm e cee
AATTCGGGTT GACGAACTGC AGTTGAGACC A 31
Lo IiFR el w0 o

(2) INFORMATION FOR SEQ ID NO: 37:

(i) SEQUENCE CI-IARAC'I'ERISTICSV:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single N
(D) TOPOLOGY: ],ix}ea:}_--: R B Y T AN L oA I Shhe iR
(ii) MOLECULE TYPE: Other nucleic-acid (synthetic DNA), ... .
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37:, .. .o s v, 3o ..
ATCCACTGGC CTCCTCGGGT TGGCACAAAC 30
i Ner-BP IR S M
(2) INFORMATION FOR SEQ ID NO: 38: S, i
(i) SEQUENCE CHARACTERISTICS: R Lo
(A) LENGTH: 30 base pairs - -
(B) TYPE: nucleic atid . .
(C) STRANDEDNESS: single
(D) TOPOLOGY¥: linear-. , . .. .. i m e e,
(ii) MOLECULE TYPE: Other nucleic.acid (synthetic DNA).. -- ... B
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38:-- . o o ofr . oo o
CTTTTACCAG ATTGTTGTCA CTTTCATGTA 3¢
: I S O TTALY Ll
(2) INFORMATION FOR SEQ ID NO: 39: LINLUSITL T AL T UTEC
(i) SEQUENCE CHARACTERISTICS: L e
(A) LENGTH: 30 base pairs R LI,
(B) TYPE: nucleic acid c L umm e
(C) STRANDEDNESS: single
(D) TOPOLOGY: lingar. . - | B e B st

(ii) MOLECULE TYPE: Other nucleic acid (synthetic DI‘_IA,')_-

(xi) SEOUENCE DESCRTPTTNN. SEQ TN NO. 29. e e e



10

15

20

25

30

35

45

50

55

EP 0 818 532 At

CTGCAGAGGC CAGCGAT@CC AATATCAGAG

(2) INFORMATION FOR SEQ ID NO: 40:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Other nucleic acid (synthetic DNA)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 40:

TCTATCCATT GCCACTTTAT ‘TTATGARTTG

PR

(2) INFORMATION FOR SEQ ID NO: 41:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Other nucleic

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 41:

ATTGGATGCA GAGGCAATCA GAARATACCC

(2) INFORMATION FOR SEQ ID NO: 42:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Other nucleic

acid (syhthetit DNA) = -

.27

-~

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 42:

s

CTACAGAGTG CAACACTGCC TAATTTTTCT |

{2) INFORMATION FOR SEQ ID NO: 43:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

S

e

acid (s&n:hee;c"nnAyt

......

30

- 30

30
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(ii) MOLECULE TYPE: Other nucleic acid (synthetic DNA)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 43:

CAATGCATGT TAACAGTAAA AGTCTTGAAA . ‘ T 30
- N ?‘ ;_‘ Sk
(2) INFORMATION FOR SEQ ID NO: 44: Ll - P
(i) SEQUENCE CHARACTERISTICS: T s

(A) LENGTH: 30 base pairs

(B) TYPE: nucleic acid, *_.=r =o. _~ .3 028 -73I7 =,

(C) STRANDEDNESS: single

(D) TOPOL(_)GY: linear LY sl ZI00T L T T AT LE LT
(ii) MOLECULE TYPE: Other nucleic acid (synthetic DNA). ~r-

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 44:

CTCCACTTTC TTTTTTATIT C'I'I‘C'I‘G‘I'I‘GT ‘ "~ 30

(2) INFORMATION FOR SEQ ID NO: 45:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 30 base pairs

(B) TYPE:.nucleic acid. . =~ - i 2 rghs iz F T
(C) STRANDEDNESS: single N ST
(D) TOPOLOGY: linear . - =~ =- sir s smze =i e oe

(ii) MOLECULE TYPE: Other nucleic acid (synthetic DNA). ..

...... 3 I LN S B -t

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 45:

N St 2 TR TTANT 4
GGATACCCAC AAAATACAAC AAGTGACAAA . "7 30
*(2) INFORMATION FOR SEQ ID NO: 46: o
(i) SEQUENCE CHARACTERISTICS: i Axf_
(A) LENGTH: 30 base pairs =
(B) TYPE: pu_clei,c»aci‘d,. _ . .
(C) STRANDEDNESS: single - " R
(D) TOPOLOGY: linear -y wr e em e e
(ii) MOLECULE TYPE: Other nucleic acid (syp;?gegigADNQ) L ~
- Y N . A -
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 46:
CAAAGTGCTT TTAATTGAGC TGTATTTCCC - : 30
(2) INFORMATION FOR SEQ ID NO: 47: e i
(i) SEQUENCE CHARACTERISTICS: . s s

1™\ ¥ Ty MNA e ma ema e
N DEING AL JV MUDL puas

(B) TYPE: nucleic acid
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{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Other nucleic acid (syrithetic DNA)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 47:

AAAACTCCTT TTATGATACE CATGGTGAGA o 30

(2) INFORMATION FOR SEQ ID NO: 48:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

e e . s e s

e .- - e ..

(i) MOLECULE TYPE: Other nucleic acid (Synthetic DNA)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 48: - R

TTTTTGAGTG TATCATTATT GGTGGAGTCA' R 7 T30

- - PR e - - em s L.

(2) INFORMATION FOR SEQ ID RO: 49:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs R S L _
(B) TYPE: nucleic. acid ot Tote e
(C) STRANDEDNESS: single . e
(D) TOPOLOGY: linear T T R e T

(ii) MOLECULE TYPE: Other nucleic acid (syrthetic DNA)' =~

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 49: -~ . T

ATCAGAGACC AGTGTTTGTG:TATTTITCGC: - - ' --v T2to. 400 -7 Tl gg

(2) INFORMATION FOR SEQ ID NO: 50: . :

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs

(B) TYPE: nucleic acid R -
(C) STRANDEDNESS: single - —
(D) TOPOLOGY: linear LT N U g

(ii) MOLECULE TYPE: Other nucleic acid (synthetig-DNA) -

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 50: . .. .¢
GATATTATGT ATCTCATGCC "‘AGGCCTTTCA & : °° . ewiel Lo 30

(2) INFORMATION FOR SEQ ID NO: 51:
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(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Other nucleic acid (sxx}gngti,c,_pw ‘ .
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 51:
AGGTACTTGA TGTGGTGACT AGCCCAACTG '

30
(2) INFORMATION FOR SEQ ID NO: 52: e

(i) SEQUENCE CHARACTERISTICS: ’
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid. .. . .. I,
(C) STRANDEDNESS: single = T
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Other nucleic acid (synthetic DNA} -. .- -~ .-
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 52:
FE2 JEEEELA .
GGTCTTCATG ACTCAGCGTG TAACGAGTGA 30
(2) INFORMATION FOR SEQ ID NO: 53: =

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE::gpueledc.acid . - ~. -:3l:00 ezl o2 07 0 TTal
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear .-

T 2zl

(ii) MOLECULE TYPE: Other nucleic acid (synthetic-BNA):- - o -l 7.7 .
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 53:
CTCATAGTTT TTCCAAAAGG GTACATCCAC T

(2) INFORMATION FOR SEQ ID NO: 54: R

(i) SEQUENCE CHARACTERISTICS: R
(A) LENGTH: 35 base pairs

(B) TYPE: nuygleic aeid-

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear :

(ii) MOLECULE TYPE: Other nucleic acid (synthetic:DNA) -
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 54:
TATTGTAATT TATTGCACTA TTTGTTTTCT CTGAA »

35
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(2) INFORMATION FOR SEQ ID NO: 55:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Other nucleic acid (synthetic PNA)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 55:

GGGATACCCA CAAAGTCCTA GTAATGACAA-

(2) INFORMATION FOR SEQ ID NO: 56:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 35 base pairs

(B) TYPE: nucleic acid o TS 2T T TR Ly

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear Tl . EA

{ii) MOLECULE TYPE: Other nucleic acid (synthetic DNA)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 56: .- - - -« . _:-p

AACCAATACT TATGAGTGTA GCACTATTGA ACAAC- : = . ~ -~z - 5+ 1 i

(2) INFORMATION FOR SEQ ID NO: 57:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid S s
{C) STRANDEDNESS: single o
(D) TOPOLOGY: linear

(11) MOLECULE TYPE: Other nucleic acid (Synthetic DNAJ ™. ..
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 57: ~_ . =~ ~.0 .. '~
ATGTGCATGC TGAAGTGGCC- GRAGAGGTAG, .. . e e s

(2) INFORMATION FOR SEQ ID NO: 58:°

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs

(B) TYPE: nucleic acid e e e

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear .

- .o,

(ii) MOLECULE TYPE: Other nucleic acid (synthétic DNA)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 587 -

- -3 . e e ee O,

. 35

30
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ACTACCACTA GTTGTTGTTG TGCCGCTGGT - o ) 30
(2) INFORMATION FOR SEQ ID NO: 59: . o RPN
(1) SEQUENCE CHARACTERISTICS: oL
(A) LENGTH: 30 base pairs '
(B) TYPE: nucleic acid -. R B
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear . - B B R S

(ii) MOLECULE TYPE: Other nucleic acid (synthetic DNA)-.
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 53:

AJGTAGTTCT TGTCGAACGG CACGTCCACC ‘ ) ‘ ' 30

(2) INFORMATION FOR SEQ ID NO: 60:

(1) SEQUENCE CHARACTERISTICS:
‘A LENGTH: 30 base pairs
{B) TYPE: niucledic acid&: ~-- TTLD is mT aTEYT oA L
(C) STRANDEDNESS: single
D) TOPOLOGY: linear = -3 . ™7 17 %% .o4oiw 2z uare Ejt S

{(f1) MOLECULE TYPE: Other nucleic acid. (syntheris DNA):, ~.-0

(xi) SEQUENCE DESCRIPTION:' SEQ ID NO: 60:

CGCTGAGACC TAGTAGTACG AGGAATTTGT ) 30
(2) INFORMATION FOR SEQ ID NO: 61: LI
(i) SEQUENCE CHARACTERISTICS: Tee il 0
(A) LEZNG’I'H:,J__O base pa@rs; _ : o
(B) TYPE: nucleic¢ acfg@™’ ~-7 =~ #l:-- .~ - -
(C) STRANDEDNESS: single e
(D) TOPOLOGY: linear - - - SRR gt

(ii) MOLECULE TYPE: Other nucleic acid (synthetic DNA)-~ & -

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6}::

TTTTCTAGAC CATGGGTATC ATAAAAGGAG e 30
(2) INFORMATION FOR SEQ ID NO: 62: o ’ : g

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH;,_BAO.page pairs . oo .- o -,
(B) TYPE: nucleic acid ’ ) T T
(C}) STRANDELNESS: single.
(D} TOPOLOGY: linear
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(ii) MOLECULE TYPE: Other nucleic acid (synthetic DNA)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 62:

TTGGAGCTCA TTTTAAATAT CTCTGTCCTT

(2) INFORMATION POR SEQ ID NO: 63: -

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs . -
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single )
(D) TOPOLOGY: linear - ) CT

(ii) MOLECULE TYPE: Other nucleic acid (synthetic DNA)’

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 63: = ° *-

CCTGTTCAAT TTGTGGTTCC

(2) INFORMATION FOR SEQ ID NO: 64:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs

(B) TYPE: nucleic acid sl LT .

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear P e

(ii) MOLECULE TYPE: Other nucleic acid (synthetic DNA) - .-

E P -

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 64:

TIGTGGTCCA GGTCATGGTA ’ m e

{2) INFORMATION FOR SEG ID NO: 65:
"{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid L e e e
(C) STRANDEDNESS:  single ’ '
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: Other nucleic acid (syntheétic DNA)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 65: - - % --

GGAAGCTTTT CGAAAATTTA TCATTATTGC

(2) INFORMATION FOR SEQ ID NO: 66:-- Tt e L

" {i) SEQUENCE CHARACTERISTICS: R
(A) LENGTH: 31 base pairs ’
(B) TYPE: nucleic acid

30

20

30
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(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Other nucleic acid (synthetic DNA)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 66:

GGTCTAGATT TCTGTGTTTA TCTGTTTIGTG G ) B : 31

45

(2) INFORMATION FOR SEQ ID NO: 67: TR
(i) SEQUENCE CHARACTERISTICS: STt
(A) LENGTH: 26 base pairs T
(B) TYPE: nucleic agid. = . = ... S e
(C) STRANDEDNESS: double
(D) TOPOLOGY: limear - -~y o ==& .. I 2737121 T.il
(ii) MOLECULE TYPE: DNA (genomic) ] o
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 67:
DA JJLoTEz AL oALITE .
ATGGCATTTT CAAGACTTTT ACTGTT 26
%I_‘ 3-
(2) INFORMATION FOR SEQ ID NO: €8: -
(i) SEQUENCE CHARACTERISTICS: .
(A) LENGTH: 16 base pairs
(B) TYPE: nutleid #eid = -~ & S'-.-.7 w70 T BITUEL
(C) STRANDEDNESS: double _ A
(D) TOPOLOGY: linear T LT oT Ll aTTLer o7 IET R
(ii) MOLECULE TYPE: DNA (genomic) SITLLATLND ADTL T2
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 68: | ( o
i <. - - - .
GGGTGGTCAG TCCCTT o L 16 -
(2) INFORMATION FOR SEQ ID NO: 69: L ;‘_7 b
S : 2l
(i) SEQUENCE CHARACTERISTICS: -
(A) LENGTH: 26 basg paizxs . .. .- .. - - 3.7 :lc. a0
(B) TYPE: nucleic acid ) o T I
(C) STRANDEDNESS: single . - . .- -: - : =2 1.7 ~_"7..1
(D) TOPOLOGY: linear ’
(1i) MOLECULE TYPE: Other nucleic acid (synthetic DNA) o
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 69:.. - = . '
GGAAGCTTGT. TAAACTGATT TARRAG szl et w28

(2) INFORMATION FOR SEQ ID NO: 70:
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(i) SEQUENCE CHARACTERISTICS:

(A)
(B)
Q)
{D)

(ii) MOLECULE TYPE: Other nucleic acid‘(éynthepéc DNA) -

(xi) SEQUENCE DESCIRIPTION SEQ ID NO: 70.

LERGTH: 29 base pairs
TYPE: nucleic acid
STRANDEDNESS: single _ .

TOPOLOGY: linear Cay

A-'

GGTCTAGAGG TGAGAAAAAC AAATCCAAT

.(2) INFORMATION FOR SEQ ID NO: 71: e e e

(i) SEQUENCE CHARACTERISTICS:

(A)
(B)
{c)
(D)

(ii) MOLECULE TYPE: Other nucleic acid (syntheéiq
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 71% . .~ . |

GGAAGCTTTA TTAGGTCGAG TGAGATGGAT

(2) INFORMATION FOR SEQ ID NO: 72: - -™% S CTIIE T

(i) SEQUENCE CHARACTERISTICS:

(Aa)
(B)
(c)
{D)

LENGTH: 30 base pairs
TYPE: nucleic acid .
STRANDEDNESS: single

TOPOLOGY: linear sRT T T e I

{"

LENGTH: 23 base pairs
TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: liné;r

(ii) MOLECULE TYPE: DNA (genomic)

' .-

ATGGGTATCA TAAAAGGAGT TTT ST

-y e I .o
(2) INFORMATION FOR SEQ ID NO: 73:

,(1) SEQUENCE CHARACTERISTICS: | L
LENGTH: 28 base pairs = ' =~ = % oo

(a)
(B)
(c)
TLTIe D)

(x:.) SEQUENCE DESCRIPTION. SEQ ID NO: 72:

P .. PRI

- . PIRS C . Y I

TYPE: nucleic acid A
STRANDEDNESS: double
TOPOLOGY llnaar I I

e . bl

(11) MOLECULE TYPE DNA (genom;c)

sy ~- . (xi) SEQUENCE D,ESCRIPT‘ION_:‘ SEQ ID NO: .73:

AATCGGATCC CCGGGTGGTC AGTCCCTT

sk - s e

ST et =7

e

vy

29

30

28

“
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{2) INFORMATION FOR SEQ ID NO: 74:

(i) SEQUENCE CHARACTERISTICS: S
(A) LENGTH: 33 base pairs e
(B) TYPE: nucleic acid o '
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

= MOl .

(ii) MOLECULE TYPE: Other nucleic ac:.d (synthetié DNA)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 74:

GGCTGCAGGT TAGATCCCGA ATAATTATCT TAC st BT e e 33

(2) INFORMATION FOR SEQ ID NO: 75: R SRS

(i) SEQUENCE CHARACTERISTICS: Tiazscl
(A) LENGTH: 30 base pairs
(B) TYPE: nucleiec=mcid - - ~:ir.
(C) STRANDEDNESS: singlAe_ L e+ e s s
(D) TOPOLOGY: linear '~ & 7 =7 & 0770-n 22 a7 R

8]
-
‘
U
)
I
1]
¢
<

T e

(ii) MOLECULE TYPE: Other nucleic acid (synthetic DNA)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 75: -y .= r=

GGTCTAGAGG TGAAAGTTCT AAAGCTAAGC

SLem ey AN = ST o -
Ciaims,
- o e : o e

1. A plant promoter controliing the expression of a gene encodlng an enzy havmg the functlon to carry out the
reconstitution of plant cell wall xyloglucan. 1 i R

2. A plant promoter of claim 1 which is characterized in that the promoter has the actmty at me sne requnred for the
reconstitution of plant cell wall xyloglucan.

3. Aplant promoter of claim 1 which is characterized in that the profngter hai’g the é:?:ﬁyity atihe stage i:equi red for the
reconstitution of plant cell wall xylogiucan. e ..~

4. Anplant promoter of claim 1 which is characterized in that the g\er;é»er;quiﬁg an enzy—me having the function to carry
out the reconstitution of ptant cell wall xyloglucan is a gene enoodmg an endo-xyloglucan transferase or its func-
tional equivaient. T, . .

5. A plant promoter of claim 4 which is characterized in that the gehe encoding the-endo-xyloglucan transferase or its
functional equivalent originates in azuki bean (Vigna angularis). s .

6. A plant promoter of claim 4 which is characterized in that the gene encoding the endo-xyloglucan transferase or its
tunctional equivalent originates in tomato (Lycopersicon esculentum).

7. Aplant promoter of claim 4 which is characterized in that the gene encoding the endo-xyloglucan transferase or its

functional equivalent originates in tobacco (Nicotiana tabacum).
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26.
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A plant promoter of claim 4 which is characterized in thatthe gene enoodmg the endo-xylogluman transferase or its
functional equivalent originates in wheat (Trmcum asestivum).

. T

A plant.promoter of claim 1 which is characterized in that the promoter is contained in any one nucleohde sequence
selected from SEQ ID NO 1, 2 3,4,5, 6,7, and 8.n the Sequence Lsstmg

A plant promoter of claim 1 which. is hybrdizable to any nuclectide sequence of claim 9 and having the promoter
activity in at least one of plants, plant cells, or transgenic plants’ regenerated from the plam cells '

A DNA fragment comprising the plant promoter of any one of claims 1 to 10 Wthh is ligated to a useful gene |n the
state capable of exptessmg the useful gene

~ .. - .
* PR 4N

A DNA fragment of claim 11 which is characterized in that the useful gene is a gene eneodiﬁ'é ‘pfbtein.:

A DNA fragment of claim 11 which is characterized in that the useful gene is a gene encoding antisense RNA.
A DNA fragment of claim 11 which is characterized in that the useful gene is a gene encoding a decoy.

A DNA fragment of claim 11 which is characterized in that the useful gene is a ribozyme.

A plant into which the DNA fragment of any one of claims 11 to 15 is transferred.

Plant cells into which the DNA fragment of any one of claims 11 to 15 is transferred.

A transgenic plant regenerated from plant cells into which the DNA fragment of any one of claims 11 to 15 is trans-
ferred.

A vector comprising the plant promoter of any one of claims 1 to 10.
A vector comprising the DNA fragment of any one of claims 11 to 15.
A vector of claim 19 or 20 which is a plasmid vector.

A vector of claim 18 or 20 which is a virus vector.

A plant 'transformed with the vector of any one of claims 19 to 22.
Plant celis transformed with the vector of any one of claims 19 to 22.
A transgenic plant regenerated from the plant cells of claim 24.

A seed obtained from the plant of claim 16, 18, 23 or 25.

A method for producing protein from a plant comprising collecting the protein expressed by a vector containing the
DNA fragment of claim 12 in the plant transformed with the vector.

A method for producing protein from plant cells comprising cultivating the plant cells transformed with a vector con-
taining the DNA fragment of claim 12 and collecting the protein expressed by the vector from the resultant culture.

A method for producing protein from a transgenic plant comprising regenerating the transgenic plant from plant
cells transformed with a vector containing the DNA fragment of claim 12 and collecting the protein expressed by
the vector from the transgenic plant.

A method for controlling the morphology of a plant comprising transferring the DNA fragment of any one of claims
11 to 15 into the plant.

A method for controlling the morphology of a transgenic plant comprising transferring the DNA fragment of any one
of claims 11 to 15 into plant cells and then regenerating the transgenic plant.
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A method for comrollmg the morphology of a plant comprising transbrmmg the plant wrth a vector containing the
DNA fragment of any one of claims 11 to 15.

. A method for controlling the morphology of a transgenic plant morphology compnsung regeneratmg the transgernc

plant from plant cells transformed with the vector containing the DNA fragment ‘of any one of cldims 11 to 15.

. A method for cloning a plant promoter comprising using a gene encodmg an enzyme havlng the functnorrto ‘carry

out the reconstitution of plant cell wall xylogiucan.

. A method for cloning the plant promoter of claim 34 which & bharacteﬁz»éd n tﬁai the gene encoding the enzyme

having the function to carry out the reconstitution of piant cell wall xyloglucanisan endo-xylogitcan transferase or
its functional equivalent. = v
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